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Abstract

Myrtle or Myrtus communis L. (M. communis L.) belongs to the Myrtaceae family. It is
a widespread shrub in the Mediterranean area. This work was mainly concerned with the
effects of this widely used plant in traditional medicine on some physiopathologic states of
the gastrointestinal tract.The phytochemical analysis of the essential oil from the leaves
revealed that the later is very rich in a-pinene (54.1%) and 1.8-cineole (26.5%). The different
methanolic fractions of both leaves and berries were also rich in the tested polyphenolic
compounds. The preliminary HPLC analysis of both the methanolic extracts from the leaves
and berries showed the presence of gallic acid, ellagic acid, gentisic acid, hydroxy benzoic
acid and quercetin as the main constituents in the leaves and gallic acid, gentisic acid and
vanilic acid in berries. The antidiarrhoeal effects of both essential oil and different extracts
from the leaves were assessed in mice using different doses and different mechanisms. It was
found that these elements had effective antidiarrhoeal actions. The same agents also had
potent antiulcerogenic effects in the rat stomach. This antiulcerogenic effect may results at
least in part from the antioxidant activity. Indeed, both essential oil and extracts showed
antioxidant effects in vivo and in vitro with most tests. The mechanisms of action may also be
due to the stimulation of mucus secretion. The results from the experimental colonic
inflammation and ulceration showed that the extract has anti-inflammatory and
antiulcerogenic effects by counteracting the oxidative status associated with inflammation,
and by inhibiting the pro-inflammatory markers (IL-1p, TNF a, iNOS, ICAM-1, and CIN-1).
This work provides for the first time the scientific bases for the worldwide traditional use of

this plant in the management of the digestive system ailments.

Keywords: Myrtus communis L., essential oil, gastric emptying, intestinal transit, diarrhoea,

ulcer, colitis.
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Introduction and aims

The human digestive system is a very important and complex system. It consists of a
hollow tube and some associated organs that assist in its functional duties. The main role of
the digestive system is to digest the ingested food and beverages, to absorb their important
constituents and to get rid of unexplored and some waste contents of the body. It usually
resists the different contaminants and noxious agents through a sophisticated system of
defense. The ability of the gastrointestinal tract to withstand the injurious factors relays on

several important protective factors.

However, when these are exceeded by the noxious agents, real disturbances of the
normal physiology of the tract occur and may lead to life threatening diseases, such as ulcers,

diarrhoea and cancers.......

Ulcers occur along the gastrointestinal tract and can be classified into the upper
gastrointestinal ulcers, including duodenal ulcers, gastric ulcers and oesophageal ulcers. The
lower gastrointestinal ulcers include ulcerative colitis and crohns disease. The gastrointestinal
ulcers can be defined as lesions that occur in the mucosal part of the tract under sevral factors,
such as stress, acid, bacterial, genetic and immunological factors depending on the affected

part of the tract.

Diarrhoea may be defined as a discharge of semisolid or watery faecal matter three or
more times per day. The above mentioned ailments of digestive tract are among the most
spread diseases of the system and represent a leading cause of morbidity and mortality
especially in the developing countries where they are responsible for the death of millions of

people each year.

The herbal medecin has a long therapeutical history for the management of human and
animal health and is still being widely used by a large population of the world. Indeed, some
of these plants are of real medicinal values being the source of many modern drugs.

The World Health Organization (WHO) acknowledged the use of herbal medicine and
has considered it as an important part of the world health care system. Myrtus communis L.
(M. communis L.) is an evergreen endemic shrub of the Mediterranean area and it is widely
used by the local population of both industrial and medicinal traitement. In Algeria, it is also
used for the relief and treatment of several disorders such as diabetis, respiratory diseases and
the gastro intestinal disorders. However, the scientific bases of this traditional use of this plant

in diarrhoeal and ulcerative diseases are lacking.
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Thus, the aims of this study were:

- Determination of polyohenols and phytoanalysis of the plant extracts.

- Extraction and analysis of the plant essential oil.

- Evaluation of the acute oral toxicity of the plant extracts and essential oil.

- To study the effect of M.communis L. extracts and essential oil on:
*Gastrointestinal motility and diarrhoea
*Ethanol-induced gastric ulceration in rats

- Evaluation of the in vitro antioxidant activity of plant extracts and essential oil.

- Evaluation of the in vivo antioxidant activity of plant extracts and essential oil.

- To perform in vivo studies on the trinitrobenzene sulphonic acid (TNBS) inducing colitis in

rats.
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1 Structure of the normal gastrointestinal tract

The principal function of the gastrointestinal (Gl) tract is to ensure the proper
digestion and absorption of nutrients and the expulsion of undigested residue and unwanted
waste. This complex process requires the coordinated propulsion of endoluminal content
along the length of the GI tract, which in turn relies on the activity of specialized cells,
including smooth muscle cells, and a hierarchy of intrinsic and extrinsic neurons to regulate
the motor programs (Knowles et al., 2013). The gastrointesinal tract also serves as a barrier
from the directly contiguous external and internal environment. The Gl tract is also one of the
largest endocrine organs and plays a critical role in the regulation of satiety and weight
control (Urbanska et al., 2016).

1.1 Organization and cellular arrangements in the gastrointestinal tract

The digestive system consists of the alimentary tract or canal and the associated
organs such as, teeth, salivary glands, the liver and the pancreas. The alimentary tract is a
hollow tube that extends from the mouth to the anus. It is divided into the mouth, pharynx,
esophagus, stomach, duodenum, jejunum, ileum, colon, rectum, and the anus. The duodenum,
jejunum and ileum form the small intestine, whereas the colon is sometimes called the large
intestine. In some parts of the tube, a large number of glands in its wall empty their secretions
in the lumen. Moreover, the associated glandular glands, such as the salivary glands, the
pancreas and the liver also empty their secretions in the lumen.The structure of the tract varies
from one region to another, but there are similarities in the four main layers that constitute its
wall. These are from the inside to the outside, the mucosa, the submucosa, the muscularis
externa, and the serosa that covers the wall of the tract except the esophagus and the distal
rectum (Figure 1). The mucosa is composed of the epithelium, the lamina propria, and the
muscularis mucosae. The epithelium is a single layer of specialized cells that line the lumen;
the most abundant are cells called absorptive enterocytes, enteroendocrine cells and mucin-
secreting cells. Beside this, in the gastric epithelium specialized cells produce protons, pepsins
and bicarbonate. The nature of the epithelium changes from one part to another in the tract.
Beneath the epithelium, the lamina propria is a connective tissue rich in glands and contains
nerve fibers, capillaries, and lymph vessels and nodules. The muscularis mucosa is a thin
layer of smooth muscle. The submucosa is a connective tissue that contains larger nerve
trunks, blood vessels, and lymph vessels, together with the first plexus of the enteric nervous

system (ENS); the submucosal plexus. The muscularis externa consists of two muscular
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layers; the inner circular layer and the outer longitudinal layer. Between the two layers lies the
second plexus of the ENS; the myenteric plexus. The last or the outermost layer is the serosa
or adventitia. It consists of a layer of squamous mesothelial cells and it is a part of the

mesentry (Rhoades and Pflanzer, 1996).
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Figure 1: Organization of the wall of the intestine into functional layers
(Ganong, 2010)

1.2 Neural control of the gastrointestinal tract

The enteric nervous system is a morphologically and functionally complex system that
controls, largely independent of central and peripheral nervous system input, virtually all gut
functions. It is comprised of a very large number of neuronal and glial cells (about the same
number as are in the mammalian spinal cord). It is organized into two major plexuses: the
myenteric (Auerbach'splexus), which extends along the entire length of the Gl tract, and the
submucosal (Meissner's plexus), which is present from the stomach to the rectum (Figure 2).
Enteric neurons can be classified into functionally distinct sub populations (e.g. intrinsic
primary afferent neurons, motor neurons, and interneurons) synaptically linked in reflex
circuitries. The central nervous system (CNS) can modulate some intrinsic reflexes,
particularly in the esophagus, stomach and rectum, via sympathetic and parasympathetic
pathways. However, the ENS has the ability to control most gut functions independent of

CNS input, including secretion, absorption, vascular tone, and motility (Furness, 2012).
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Figure 2: Schematic diagram showing the multiple innervation of the gastrointestinal tract
(Adapted from Holzer et al., 2001). LM: longitudinal muscle; CM: circular muscle; MP:
myenteric plexux; SMP: submucosal plexus; DRG: dorsal root ganglion; NG: nodose

ganglion; V: vessel

1.3 Gastrointestinal circulation

The circulation of the stomach, small and large intestines, pancreas and liver is called
the splanchnic circulation. The heart pumps blood to these organs through arteries that branch
from the abdominal aorta. The blood tha leaves the stomach, intestines, and pancreas goes
next to the liver by way of the portal vein. The significance of this vascular organization is
that many absorbed digestion products are subject to metabolic prossessing by the liver before
being distributed to the cells of the body. The splanchnic circulation receives almost one
fourth of the cardiac output. Its resting flow rate is about 1400 ml per minute, which is greater
than that of any of the other major peripheral circulations. Flow of blood through the
splanchnic circulation increases when a meal is eaten, this increase facilitates the removal of
the digestion products from the digestive tract. In addition, extra oxygen and other nutrients
are supplied to meet the enhanced demands for energy imposed by the increased muscular,
secretory and absortive activities that occur after a meal (Rhoades and Pflanzer, 1996).

1.4 The stomach

The stomach can be divided functionnally into 3 parts, proximal stomach (cardia,
fundus and proximal corpus), distal stomach (distal corpus and antrum) and pylorus. The
gastric mucosa contains many deep glands. In the pyloric and cardiac regions, the glands

secrete mucus. In the body of the stomach, including the fundus, the glands contain parietal
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cells, which secrete hydrochloric acid and intrinsic factor, and chief (zymogen, peptic) cells,
which secrete pepsinogens. These sectretions mix with mucus secreted by the cells in the
necks of the glands. Mucus is also secreted along with HCO3 by mucus cells on the surface of
the epithelium between glands. The stomach has a very rich blood and lymphatic supply. Its
parasympathetic nerve supply comes from the vagi and its sympathetic supply from the celiac
plexus. Stomach contains three muscle layers: outer longitudinal muscle, intermediate
obliqgue muscle layer, while the myenteric plexus is located in between the circular and

longitudinal muscle layer (Ganong, 2010).

Central and peripheral stimuli of gastric acid secretion are mediated through activation
of histaminergic, gastrinergic, and cholinergic pathways coupled to intracellular second
messenger systems that determine the trafficking and activity of H'K*-ATPase, the proton
pump of the parietal cell. The major stimulants of acid secretion are histamine, gastrin, and

acetylecholine, whereas, the main inhibitor is somatostatin (Ganong, 2010)

1.5 The intestines

The small intestine is the part of the gastrointestinal tract between the stomach and
the large intestine, and is where most of the end absorption of food takes place. The small
intestine has three distinct regions: the duodenum, jejunum, and ileum. The internal walls of
the small intestine are covered in finger-like tissue called villi. Each of these villi is covered in
even smaller finger-like structures called microvilli. These villi and microvilli increase the
surface area available for the absorption of nutrients. The primary function of the small
intestine is the absorption of nutrients and minerals from food. The small intestine also
supports the body's immune system.

In the colon, the surface of the mucosa is flat and its architecture is characteristic with
crypts as straight tubes, in parallel alignment. The crypt base rests upon a layer of smooth
muscle cells, the muscularis mucosae, which separates the mucosa from the submucosal
connective tissue. The distance between the crypts and the internal diameter of the crypts is
constant.The crypt architecture is maintained throughout the colon, except in the presence of
lymphoid collections, in zones of transition to small intestinal mucosa (ileocecal valve) or to
squamous epithelium (the anorectum) and in normally occurring grooves in the surface. Many
mucous glands secrete mucus into the hollow lumen of the large intestine to lubricate its

surface and protect it from rough food particles (McGuiness, 2010; Ganong, 2010).
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The main function of the colon is absorption of water, Na*and other minerals. By
removal of about 90% of the fluid, it converts the 1000-2000 mL of isotonic chyme that
enters it each day from the ileum to about 200-250 mL of semisolid feces. There are no villi
on the mucosa. The colonic glands are short inward projections of the mucosa that secrete
mucus (Ganong, 2010; McGuiness, 2010).

2 Peptic ulcer

Peptic ulcer forms in the stomach or upper part of the small intestine and is the most
frequent upper gastrointestinal acid-related disease of the digestive system, significantly
affecting millions of people worldwide. Peptic ulcers frequently occur along the lesser
curvature of the antral end of the stomach or, more rarely, in the lower end of the esophagus
where stomach juices frequently reflux (Kansara and Sakhreliya, 2013). Gastric ulcer is
predominantly characterized by damage to the gastric mucosa in the stomach lining, resulting
in abdominal pain, possible bleeding, chest pain, fatigue, vomiting and weight loss and other

gastrointestinal symptoms (Awaad et al., 2013; Son et al., 2015).

2.1 Epidemiology

The annual incidence rates of peptic ulcer diseases for the last decades were 0.1-0.19% for
physician diagnosis (Sung et al., 2009). Based on 31 published papers, in the last 3 decades
that had reported incidence rate estimates for peptic ulcer in the general population, it was
found that the incidence rate was 1 case per 1000 person-years (Lin et al., 2011). In a study
from Sweden in which the symptomatic and asymptomatic peptic ulcer disease was
considered the prevalence of peptic ulcer was 4.1%, where 19.5% of peptic ulcer disease were

asymptomatic (Aro et al., 2006).

Every year, 4 million people are diagnosed with gastric ulcer disease around the world
(Zelickson et al., 2011). Complications are encountered in10%-20% of these patients and
2%-14% of the ulcers will perforate (Lau et al., 2010). An estimated 6000 people die every
year because of the complications associated with stomach ulcer. 40, 000 people undergo
surgery in order to get relief from the persistent symptoms of ulcer annually. An estimated

15,000 deaths occur as consequence of peptic ulcer disease (Sandhya et al., 2013).
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2.2 Aetiology

The multifactorial etiology of gastric ulcer includes bacterial infection, excessive
alcohol intake, emotional stress, free radicals, the use of steroidal and non-steroidal anti-
inflammatory drugs (NSAIDs), and nutritional deficiencies that disrupt the gastric mucosal
barrier and make it vulnerable to normal gastric secretions. Ulcerogenic risk factors, such as
excessive alcohol consumption and use of NSAID drugs, cause dispersal of the protective
mucus gel and the phospholipid bilayer, resulting in acid back diffusion and mucosal injury

secretions (Son et al., 2015).

2.3 Pathophysiology of ulcers

The pathophysiology of ulcer is due mainly to an imbalance between aggressive
factors (acid, pepsin, H. pylori, NSAIDs and local mucosal defensive factors (mucus, blood
flow, endogenous prostaglandins (PGs) secretion, nitric oxide (NO), antioxidant and
bicarbonate etc). The integrity of gastro-duodenal mucosa is maintained through a
homeostatic balance between these aggressive and defensive factors (Sumbul et al., 2010;
Kansara and Sakhreliya, 2013). The gastric and duodenal mucosa is covered by mucus and
bicarbonate in order to protect against gastric acid. Mucus and bicarbonate are secreted by
gastric epithelium and by Brunner's glands in the duodenum. The epithelium also has a role in
acid protection. The apical cell membranes and the tight junctional complexes between the
surface cells limit the penetration of hydrogen ion into the mucosa. In addition, mucosal blood
flow transports nutrients and oxygen and bicarbonate to the surface to neutralise acid (Figure
3) (Allen and Flemstrom, 2005).
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Figure 3: Gastroduodenal mucosal defense mechanisms (Laine et al., 2008).

2.4 Models of gastric ulcer

There are several models that are used to evaluate antiulcer drugs. However, the
choice of a suitable model has proven to be difficult as each model has significant advantages
as well as disadvantages. The choice of a particular model is sometimes influenced by local
resources, the objectives of the study, the hypothesis being tested, or research questions being
answered by the researcher. The choice of model may also depend on the relevance to the
type of peptic ulcer disease under investigation (Adinortey et al., 2013; Thabrew and

Arawwawala, 2016).

Peptic ulcers can be induced by physiological, pharmacological or surgical
manipulations in several animal species. However, most experiments in peptic ulcer studies
are carried out in rodents. Several models are used experimentally for testing or evaluating

antipeptic ulcer activity of drugs/agents and the main of these are:

1. Ethanol-induced gastric ulcers
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2. NSAIDs- (indomethacin, aspirin, and ibuprofen) induced gastric ulcers.
3. Water-immersion stress or cold-water-restraint or cold-restraint stress.
4. Acetic acid-induced gastric ulcers.

5. Histamine-induced gastric ulcers.

6. Reserpine-induced gastric ulcers.

7. Serotonin-induced gastric ulcers.

8. Pylorus-ligated-induced peptic ulcers (Adinortey et al., 2013; Thabrew and Arawwawala,
2016).

Ethanol-induced gastric ulcer model

Alcohol consumption may results in several diseases including gastric ulcer. Because
of its damaging effect, ethanol has been explored as a model in gastric ulcer. It is one of the
must widely used models in testing gastroprotective agents. The mechanisms of ethanol-
inducing ulcer are diverse. It may directly affect the gastric mucosa by reducing bicarbonate
and mucus secretions and exposing it to the damaging effect of acid and pepsin or by acting
on neurohormonal factors that stimulate acid secretion (Bode and Bode, 1997). Ethanol may

also decrease blood flow (Adinortey et al., 2013).

One crucial mechanism through which ethanol provokes gastric ulceration is via
increased oxidative stress and reducing the antioxidant system (Hirokawa et al., 1998;
Samonina et al., 2004). ROS are responsible for oxidation of tissues leading to lipid
peroxidation and tissue damage. They are also responsible for oxidation of bases in cellular
DNA making them mutagenic, cytotoxic and cross linking agents, which in turn causes
uncontrolled expression of certain genes causing increased multiplication of cells leading to
cancer. Antioxidants seemed to have protective role in gastric ulcers. Stress causes both
sympathetic (causes direct arteriolar vasoconstriction) and parasympathetic (induces an
increased motility and muscular contraction) stimulation of stomach leading to local hypoxia
and near or actual “ischemia”. The ischemic condition caused an increase in the level of H,O,
(by the action of SOD), which, in conjugation with O, generates OH via the methyl catalyzed
Haber-Weiss reaction. Hydroxyl radicals thus generated oxidizes important cellular

constituents such as structural and functional proteins membrane lipids and depletes
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glutathione. Lipid peroxidation causes loss of membrane fluidity, impaired ion transport and
membrane integrity and finally loss of cellular functions (Suzuki et al., 2012).

In addition, ethanol causes a massive intracellular accummulation of calcium leading
to cell death (Wong et al., 1991). Moreover, ethanol relaxed the pyloric sphincter and
increased gastric emptying which may result gastric damage (Dinoso et al., 1972). The
ethanol-induced ulcer model looks much more appropriate for evaluating cytoprotection
and/or antioxydant agents and the general pathways of ethanol-induncing gastric ulcer could

be summarized in Figure 4.
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Figure 4: Main pathways of ethanol-inducing gastric ulcer

2.5 Treatment

Peptic ulcer disease is a serious gastrointestinal disorder that requires a well-targeted
therapeutic strategy. For over a century, peptic ulcer disease has been one of the leading
causes of gastrointestinal surgery, with high morbidity and mortality rates. Several classes of
pharmacological agents have proved to be effective in the management of the acid peptic
disorders. These groups include: antacids (aluminum hydroxide, magnesium trisilicate), acid
suppressive agents (Antisecretory drugs) which include proton pump H+/K+ ATPase
inhibitors (omeprazole, lansoprazole), histamine H, receptor antagonist (cimetidine,

ranitidine) and anticholinergic (pirenzepine), cytoprotective agents (sucralfate and
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prostaglandin analogs (misoprostol), antimicrobials for eradication of H. pylori (amoxicillin,
clarithromycin) and Triple therapy (one week triple therapy consisting of a proton pump
inhibitor such as Omeprazole and the antibiotics Clarithromycin and Amoxicillin) (Waller et
al., 2005). Although these drugs are effective, they produce many adverce effects (headache,
diarrhoea, abdominal pain and nausea), thus limiting their use. In recent years, there has been
a growing interest in alternative therapies, especially those from plants due to their perceived
relative lower side effects (Adinortey et al., 2013; Sriniva et al., 2013; Al-Snafi, 2016).
Indeed, a large number of medicinal plants and their secondary metabolites possess beneficial
effects in gastric diseases especially peptic ulcer diseases and in intestinal disease especially
diarrhoea and ulcerative colitis, these plants include:

Boswellia (Boswellia serrata) which is reported to be effective in IBD. Boswellia
serrata represses the formation of leukotriene via inhibition of 5-lipoxygenase with the action
of two boswellia acids, namely 11-keto-B-boswellic acid and acetyl-11-keto-B-boswellic acid
(Gupta et al., 2001). Triticum aestivum: Treatment of patients with wheat grass juice
(Triticum aestivum) (as food, or as a drug), was associated with significant reduction in the
overall disease activity index and in the severity of rectal bleeding. Apart from nausea, no
other serious side effects were noticed. Triticum aestivum L. (Poaceae) juice appeared
effective and safe as a single or adjuvant treatment of active distal UC (Ben-Arye et al.,
2002). Aloe vera (Xanthorrhoeaceae): is an herbal preparation with significant anti-
inflammatory effects. Oral administration of aloe vera produced a clinical response more
often than placebo; it also reduced the histological disease activity and appeared to be safe
(Langmead et al., 2004). Green tea (Camellia sinensis L.) was found to be effective in the
treatment of ulcerative colitis. Both diarrhoea and loss of body weight can be significantly
attenuated by the treatment with green tea extract. The mechanism of action was associated to
remarkable amelioration of the disruption of the colonic architecture, significant reduction of
colonic myeloperoxidase (MPQO) and tumor necrosis factor-alpha (TNF-a) production
(Mazzon et al., 2005). Zingiber Officinale Roscoe (Zingiberaceae) extract showed a valuable
effect against acetic acid-induced ulcerative colitis possibly by its antioxidant and anti-
inflammatory properties (El-Abhar et al., 2008). Ginkgo biloba L. (Ginkgoaceae) was found
to suppress the activation of macrophages and can be used to both prevent and treat mouse
colitis (Kotakadi et al., 2008). Administration of Garcinia cambogia Desr. (Clusiaceae)

extract to colitic rats significantly improved the macroscopic damage and caused substantial
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reductions in increases in MPO activity, COX-2 and iNOS expression. In addition, garcinia

extract treatment was able to reduce PGE; and IL-1beta colonic levels (dos Reis et al., 2009).

3 Inflammatory bowel disease (IBD)

Immune responses in the digestive tract are tightly regulated to ensure host protective
immunity and prevent the development of immune-mediated pathologies. The host immune
system must efficiently respond to invading pathogenic microorganisms, while
simultaneously and specifically blocking these mechanisms in response to antigens derived
from the abundant commensal gut flora and the alimentation. The integrity of the intestinal
mucosa is crucial and acts as a physical barrier, but additional tolerance mechanisms are
required to prevent the excessive inflammation that can lead to the rupture of intestinal

homeostasis observed in IBDs (Pedros et al., 2016).

Inflammatory bowel disease is a spontaneous chronic, relapsing, and remitting
disorder of the gastrointestinal tract (GIT) that comprises two major subtypes: ulcerative
colitis (UC) and Crohn’s disease (CD). UC was first described in the mid-1800s, whereas CD
was first reported later, in 1932, as “regional ileitis” (Danese and Fiocchi, 2011). UC and CD
are characterized by chronic intestinal inflammation resulting in recurrent episodes of disease
exacerbations with associated abdominal pain, diarrhoea, weight loss and rectal bleeding
(Allegretti et al., 2014). IBD considerably reduces patients’ health-related quality of life and
influences their professional, social and personal lifestyle. Due to the early onset and chronic
character of the disease, patients have to deal with their disorder throughout their lifetime
(Rencz et al., 2015).

The inflammation in UC is confined to the colonic mucosa, beginning in the rectum
and extending proximally in a continuous fashion. The inflammation in CD is transmural and
can involve any part of the gut. Both UC and CD develop during childhood or adolescence in
up to 25% of patients, with UC often having an earlier age of onset than CD (Griffiths et al.,
2004).

3.1 Ulcerative colitis

Ulcerative colitis (UC) is an inflammatory bowel disease that primarily affects the
colonic mucosa. In its most limited form it may be restricted to the distal rectum, while in its

most extended form, the entire colon is involved (Friedman and Blumberg, 2005).
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UC can occur in both sexes and in any age group but most often begins in people
between 15 and 30 years of age. The exact causes of UC are still not clear but different factors
have been postulated as possible etiologic agents. They are genetic factors, infective agents,

immunological basis, medications and pathological factors (Berardi, 2000).

In patients with UC, ulcers and inflammation of the inner lining of the colon lead to
symptoms of poor appetite, weight loss, bloody diarrhoea, passage of pus and mucus, and
abdominal cramping during bowel movements (Baumgart and Sandborn, 2007; Awaad et al.,

2013). Clinical signs of the disease may be mild, moderate or severe:

- Mild: Less than four stools per day, with or without blood, with no systemic disturbance and

a normal erythrocyte sedimentation rate (ESR).
-Moderate: More than four stools per day with minimal systemic disturbance.

- Severe: More than six bloody stools per day, with the evidence of systemic disturbance as

fever, tachycardia, anemia, or ESR of more than 30 (Awaad et al., 2013).

3.1.1 Epidemiology

Approximately 10 individuals per 100 000 per year are diagnosed with UC. The
incidence of UC varies depending on geography, and is most common in Western countries,
including the US. The highest incidence and prevalence of IBD are seen in the populations of
Northern Europe and North America (USA: 1.4 millions) and the lowest in continental Asia
(Cui et al., 2014), where ulcerative colitis is by far the most common form of inflammatory
bowel disease (Danese and Fiocchi, 2011). The prevalence of IBD is of 150-250 per 100000
populations (Halpin and Ford, 2012) and about 0.4% in the population in North America and
Europe (Loftus, 2004).

3.1.2 Aetiology and risk factors

A westernized environment and lifestyle is linked to the appearance of inflammatory
bowel disease, which is associated with diets high in fat and sugar, medication use, stress, and
high socioeconomic status (Danese and Fiocchi, 2011). Although the precise etiology of IBD
still remains obscure, the accepted hypothesis is that in genetically predisposed individuals
the commensal luminal flora trigger an inappropriate, overactive mucosal immune response

causing intestinal tissue damage that is further modified by specific environmental factors
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(e.g., smoking)(Magyari et al., 2014). Evidence from both UC patients and animal models of
colitis suggest that UC is influenced by a complex interaction of genetic, environmental, and

immunologic factors:

3.1.2.1 Genetic susceptibility

Although the exact pathogenesis of IBD remains unknown, part of the underlying
mechanism is a deregulated host immune response to intestinal flora, in genetically
susceptible individuals. The greatest risk for developing IBD is having a family history of the
disease. The greatest risk is seen in monozygotic twins and if both parents suffer from IBD.
The estimated relative risk to a sibling of a patient with IBD is 13-36 and 7-17 for CD and UC
respectively (Abegunde et al., 2016).

3.1.2.2 Environmental influences

Environmental factors such as smoking, infection, drugs, stress, air pollution, water
pollution, diet, and food additives have been investigated in IBD and other autoimmune
diseases. These factors have been collectively referred to as exposomes. The term exposome
refers to all possible environmental exposures on a human being from conception to death
(Abegunde et al., 2016). The clarification of the pathophysiological mechanisms in relation
with the environmental effect on the incidence of IBD can lead to more effective prevention
and/or treatment of disease. Environmental factors are suggested to affect not only the
occurrence but also the phenotype of the diseases. Crohn’s disease and ulcerative colitis are
multifactorial diseases that are manifested after disruption of a genetic predisposed individual
and its intestinal microflora through an environmental stimulus. Urbanization and
industrialization are associated with IBD. Epidemiological data, clinical observations and
family/immigrants studies indicate the significance of environmental influence in the
development of IBD. Some environmental factors have a different effect on the subtypes of
IBD. Smoking and appendectomy is negatively associated with UC, but they are aggravating
factors for CD (Legaki and Gazouli, 2016; Abegunde et al., 2016). Nonsteroidal anti-
inflammatory drugs trigger exacerbation of UC or can induce the disease because of the
decreased production of mucosal prostanoids and increased adherence and migration of the
leukocytes. Oral contraceptive pills as well as the inadequacy of vitamin D leads to an
increased risk for IBD and a more malignant course of disease. Moreover, other factors such
as air pollution, psychological factors, sleep disturbances and exercise influence the

development and the course of IBD. A westernized high fat diet, full of refined carbohydrates
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Is strongly associated with the development of IBD, contrary to a high in fruit, vegetables and
polyunsaturated fatty acid-3 diet that is protective against these diseases (Legaki and Gazouli,
2016).

3.1.2.3 Microbiota

The intestinal microbial community plays an important role for the host, as it carries
out many useful functions including the digestion of substrates that host enzymes are unable
to digest; the production of vitamins and short chain fatty acid; the formation of enteric
immune system; and the protection of enteric homoeostasis repressing the growth of harmful
microorganisms (Legaki and Gazouli, 2016). Changes in the gut microbiota have been
repeatedly reported in patients with IBD, with certain changes clearly linked to either CD or
UC (Marchesi et al, 2016). Patients with IBD present a different composition in their intestine
characterized by a reduction in their microbial diversity, specifically reduction of the
dominant members of the gut microbiota. This altered balance in the gut microbiota
constituents, called dysbiosis, causes functional changes that seem to be involved in the

pathophysiology of many diseases, including IBD (Legaki and Gazouli, 2016).

3.1.2.4 Immunological defects

In IBD, the immune defense against intestinal microbes fails at two levels: (1) the
epithelial mucosal barrier is impaired and (2) the innate and acquired host immune responses
are altered. The immunopathogenesis of IBD occurs in three temporally distinct stages: (1)
penetration of luminal contents into underlying tissues which may be facilitated by
environmental factors such as infection or inherent defects in mucosal barrier, (2) impaired
clearance of foreign material from the bowel wall which may be due to defective secretion of
pro-inflammatory cytokines by macrophages and (3) a compensatory acquired immune
response which leads to a chronic inflammatory response and gives rise to characteristic IBD

lesions (Matricon et al., 2010).

An inappropriate immune response to normal luminal components is proposed to
increase the risk of UC. In the healthy gut, commensal bacteria live symbiotically with the
host. It is hypothesized that exposure to commensal bacteria down-regulates the inflammatory
genes and blocks activation of the Nuclear Factor Kappa-B (NF-kB) pathway, thus inhibiting
the inflammatory immune response of the gut to the microbes. In UC, this tolerance is lost.

Exposure to luminal microflora triggers an inflammatory response by the cells lining

18



Literature review

the mucosa, leading to chronic, destructive immune responses. Uncontrolled immune

responses can impair gut barrier function (Zhang et al., 2014).

In the healthy gut, the presence of tight junctions and a colonic mucus layer provides
an effective barrier against luminal microbes and antigens. The intestinal epithelial cells also
have developed control mechanisms that limit inappropriate activation of immune responses.
However, when microbes cross the mucosal barrier, they may come into direct contact with
immune cells, thereby intensifying the permeability defect, and establishing a self-sustaining
cycle of mucosal inflammation. Consequently, immunoregulatory defects and microbial

exposure increase the risk of colitis development (Zhang et al., 2014).

3.1.3 Pathophysiology of ulcerative collitis

The innate immune system comprises the epithelial cell barrier, macrophages,
monocytes, neutrophils, dendritic cells (DCs), natural Kkiller (NK) cells, eosinophils and
basophils. When innate immunity fails to counteract the pathogen aggression, the adaptive
immune response is triggered. In this process, DCs get into the mesenteric lymph nodes, and
then they present the antigen to naive T cells and, depending on the factors released by DCs,
induce the T cell differentiation (Figure 5) (Cerovic et al., 2013). Depending on the effector
cytokines produced by APCs, naive T cells have the potential to differentiate into different T
helper (Th) subtypes. IL-12 generates Th1 cells, IL-4 promotes Th2 differentiation, IL-10 and
TGF-B induce regulatory T cells (Treg), whereas IL-6, IL-1B and TGF-p promote Th17 cells
(Vezza et al., 2016). In addition to Th cells, neutrophils are also able to infiltrate the inflamed
mucosa and generate several pro-inflammatory cytokines, and induce oxidative reactions, thus
modifying the redox balance in the gut mucosa, which can collaborate to maintain the
inflammatory status through the upregulation of redox-sensitive signaling pathways and
transcription factors (Piechota-Polanczyk and Fichna, 2014).

The pathogenesis of ulcerative colitis is believed to be related to a dysregulated
proinflammatory response to commensal gut bacteria. Due to mutations, some mucosal
defense mechanisms are disrupted. MUC, is the most abundant protective mucin that coats
the epithelium and prevents entry of microbes. When the disease is active, the lamina propria
of the mucosa becomes heavily infiltrated with a mixture of acute and chronic inflammatory
cells. There is a predominant increase in mucosal 1gG production, evidence of complement
activation, and activation of macrophages and T cells. This immunological activity is

associated with the release of a vast array of cytokines, kinins, leukotriens, platelet activating
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factor (PAF) and reactive oxygen metabolites (Ardizzone, 2003). When defense mechanisms
are depressed, uncontrolled microbial proliferation can occur, and NF-kB-dependent genes
are stimulated to produce pro-inflammatory cytokines like tumor necrosis factor-a. (TNF-a),
interleukin-1(1L-1), IL-6, IL-17, 1L-13 and the chemokine IL-8 and MCP-1. These pro-
inflammatory mediators are highly expressed in the intestinal mucosa in areas of active CD
and UC and may be important mediators of inflammation in IBD. TNF-o promotes
inflammation by the production of IL-1p and IL-6, the expression of adhesion molecules, the
proliferation of fibroblasts, the activation of procoagulant factors, the cytotoxicity of the acute
phase response, and inhibition of apoptosis (Begue et al., 2006). IL-6 induces NF-kB
activation and then enhanced expression of the intercellular adhesion molecule, which is
important in IBD pathogenesis and most likely in extraintestinal manifestations of the disease
(Mzes et al., 2012). IL-17, which is mainly produced by Th17 cells, is acting as a key
mediator in delayed-type immune reactions by increasing chemokine production and
recruiting monocytes and neutrophils to the inflammatory site (Yao et al., 1995). IL-17 levels
were increased in UC compared to controls (Strober and Fuss, 2011). IL-13 is a typical Th2
cytokine which is responsible for epithelial barrier damage and alteration of the tight
junctions, with a consequent impairment of the mucosal permeability (Roda et al., 2010).
These mediators not only serve to amplify the immune and inflammatory response, but they
also have direct effects on epithelial function, on endothelial function (which may increase
permeability and lead to ischaemia), and on repair mechanisms, thus increasing collagen
synthesis (Ardizzone, 2003; Roda et al., 2010). In addition, many of the cytokines
(interleukins 1 and 6, tumor necrosis factor) will activate an acute phase response, resulting in
fever and a rise in serum acute phase proteins (Ardizzone, 2003). Moreover, increased
expression of chemokines in the active phases of IBD was observed, such as, IL-8, MCP-1
and MCP-3, and MIP, which are responsible for the recruitment of different leukocyte
effector populations, by controlling their adhesion and migration across the endothelium in
sites of inflammation (Vezza et al., 2016).

Another potentially significant component in the tissue injury that occurs in IBD is the
activation of matrix metalloproteinases (MMP). MMP are a group of tissue proteinases that
exhibit preferred cleavage specificity for the N-terminal side of hydrophobic residues
(MacDermott, 1999). Studies have revealed high levels of extracellular MMP in areas of
ulceration in the intestines of humans with IBD (MacDonald et al., 2000). In addition, a
number of different growth factors may play an important role in IBD. For example,

keratinocyte growth factor is produced by gut stromal cells and is activated by
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proinflammatory cytokines. Keratinocyte growth factor has been implicated in the crypt
hyperplasia noted in areas of inflammation in IBD (Hendrickson et al., 2002).

On the other hand, some cytokines have anti-inflammatory effects, such as IL-10, I1L-4,
TGF-Band IL11. IL-10 is produced by T cells, B cells, and monocytes; in presence of an
antigenic stimulus, 1L-10 inhibits the production of IL-1B, IL-6, and TNF-a (Roda et al.,
2010; Bouguen et al., 2011). IL-4 is a stimulatory molecule for both B and T cells, and it is
produced mainly by activated lymphocytes. Its main role stands in the inhibition of the
formation of colonies of macrophages, of the production of H,O, by monocytes, and of the
release of mediators such as IL-1B and TNF-a. The levels of IL-4 and IL-4 mRNA were
reduced in IBD, demonstrating the loss of balance between anti and pro-inflammatory
cytokines in favor of the pro-inflammatory ones (Andoh et al., 2008). TGF-f is an inhibitory
cytokine, a key regulator in the maintenance of immune and inflammatory responses
(Lawrance et al., 2001). IL-11 is a cytokine originated from mesenchymal cell. It exhibits
potent anti-inflammatory activity on macrophages and T cells by inhibiting the secretion of
pro-inflammatory cytokines and has shown beneficial effects on intestinal mucosa in several
animal IBD models (Bouguen et al., 2011).

Overproduction of nitric oxide (NO) is implicated in the pathophysiology of UC. As
much as100-fold increases in luminal NO have been detected in patients with active UC.
Excess NO can cause reduced colonic tone, intestinal hyperaemia and tissue damage, due to

formation of nitric oxide reactive products such as peroxinitrite (Southey et al., 1997).
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3.1.4 Animal models of intestinal inflammation

A variety of mammalian models have been used to study acute and chronic intestinal
inflammation. Mice are considered a good animal model as their intestinal development is
relatively similar to the human intestine and they have many of the same immune responses
and genes. Rat models have the advantage of being larger than mice thus allowing the
acquisition of larger samples for analysis. Pigs are commonly used as an alternative
monogastric mammalian model, as their intestinal function and morphology is similar to
human beings. Non-human primates provide the best and most comparable data to people due
to their high degree of genetic and physiological similarity to the human intestine (Jiminez et
al., 2015).

Different models of experimental IBD have been developed to investigate the etiology
of the disease, and examine the efficacy of new therapeutic options on disease treatment.
These experimental models can be classified into four major categories: genetic,

immunological, bacterial and chemical (Elson et al., 1995; Yan et al., 2009).
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Genetic models: Gene knockout and transgenic models are two main genetic models, which
are increasingly being used to investigate the effect of host-related factors on disease
development (e.g specific components of innate and adaptive immune system, for example
IL-10 deficiency) (Elson et al., 1995; Hoffmann et al., 2009).

Immunological models: These models are used to investigate the role of specific immune cell
populations in IBD pathology. In immunological models, a specific subtype of immune cells
is introduced to immunodeficient mice, to investigate their roles and effects in disease

progression or treatment (Elson et al., 1995; Ding et al., 2005)

Bacterial models: In this model, germ free, specific pathogen free or immunodeficient mice
are exposed to a specific bacteria (pathogen or commensal), to investigate the potential
beneficial or adverse effects of different bacterial strains in IBD development or treatment
(Nell et al., 2010).

Chemical models: Gastrointestinal inflammation can be induced by administrating specific
chemicals to animals. Presently, using trinitrobenzene sulfonic acid (TNBS) and DSS are the
most common chemicals used to induce colitis in mice and rats. Both act via acute destruction
of the intestinal barrier. Acetic acid, oxazolone, carragenin, sodium hydroxide and
azoxymethane have also been used, but to a lesser extent than DSS and TNBS (MacPherson
and Pfeiffer, 1978: Moyana and Lalonde, 1990). The effectiveness of the chemical agent in
inducing injury varies according to the concentration, the way of administration and the

presence of microorganisms in the lumen (Jiminez et al., 2015).

e Trinitrobenzene sulfonic acid model

The 2,4,6-trinitrobenzenesulfonic acid (TNBS) model was originally described by
Morris et al. (1989). TNBS is a nitroaryl oxidizing acid with extreme oxidising properties.
TNBS (0.5 to 4.0 mg for mice and 10 to 30 mg for rats) is dissolved in 45% or 50% ethanol.
This TNBS-ethanol mixture induces intestinal inflammation by altering host proteins through
the formation of covalent bonds with trinitrophenyl haptens of TNBS. It has been shown that
rectal administration of TNBS in 40-50 % ethanol leads to severe colonic damage
characterized by colon shortening, intestinal haemorrhage, epithelial necrosis causing crypt
architecture destruction, and transmural inflammation accompanied by an elevated Thl
immune response within the colon (Jiminez et al., 2015). Moreover, ethanol also acts as an

irritant that contributes to the damage of the epithelial barrier (Jiminez et al., 2015). The
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damage is associated with high myeloperoxidase activity, mainly as a reflection of
neutrophilic infiltration into the damaged tissue (Veljaca et al., 1995).

As a hapten, TNBS can bind to the endogenous proteins, giving rise to hapten protein
formation, which induces the interleukin-12 (IL-12) and T helper 1-mediated local
immunological response. The activated macrophages produce inflammatory mediators, such
as tumor necrosis factor-o, IL-6 and IL-1p (Figure 6)(Ishiguro et al. 2010; Strober and Fuss,
2011), which in turn result in transmural inflammation with weight loss and diarrhoea. TNBS
may reduce mucosal hydrophobicity by reacting with the surface-active phospholipids of the
colonic mucosa. Reduced hydrophobic integrity of the colonic mucosa may contribute to
TNBS-induced colonic inflammation (Tatsumi and Lichtenberger, 1996). The TNBS model
has many advantages, such as the simple process and the short duration of the experiment.
Moreover, it is widely applicable to vertebrates, including mice, rats, guinea pigs and rabbits,
and can be used either acutely with a single TNBS treatment or chronically with the repeated
administration of TNBS (Terai et al. 2014). The colonic content of malondialdehyde (a major
product of lipid peroxidation) is increased in both IBD patients and experimental animal
models (Girgin et al., 2000). Increases in myeloperoxidase activity, and the subsequent
generation of nitric oxide, have also been demonstrated in biopsies of inflamed colon and both
are related to the progression of the disease (Cooke and Davidge, 2002). Excessive NO
production can accelerate the progression of UC. The increase in highly toxic ROS may
exceed the limited antioxidant defense system of the intestines, thereby contributing to
intestinal injury in UC patients (Babbs, 1992). Glutathione (GSH) is the most important
intracellular defense against oxidative stress and is essential for both the functional and
structural integrity of the gut. GSH is often depleted during inflammation, and GSH-deficient
mice show severe degradation of the colonic mucosa, develop diarrhoea, and lose body
weight (Joo et al., 2015)
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Figure 6: Mechanisms of colitis induction and tolerance in trinitrobenzene sulfonic acid
(TNBS) colitis (Strober et al., 1998). APC: Antigen presenting cell; MAC: Macrophage;
TGF: Transforming growth factor.

3.1.5 Treatment

Currently, there is no effective therapy to cure the disease but the main stream
treatment depends on reduction of the abnormal inflammation in the colon lining and thereby
relieves the symptoms of diarrhoea, rectal bleeding, and abdominal pain. The treatment
depends on the severity of the disease; therefore treatment is adjusted for each individual
(Botoman et al., 1998).

3.1.5.1 Conventional Treatments

The four major types of conventional treatments include anti-inflammatory, immune-

modulatory, antibiotic, and biologic agents.
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Corticosteroids are anti-inflammatory agents used in IBD treatment. Corticosteroids,
such as prednisone and 5-aminosalicylic acid (5-ASA), are the most common conventional
medicines in UC treatment. Additionally, long-term consumption of corticosteroids can affect
wound healing and increase the risk of osteoporosis and hyperglycemia. Most people with
mild or moderate ulcerative colitis are treated with corticosteroids (dexamethasone) to reduce
inflammation and relieve symptoms (Hanauer et al., 2004). Nearly 25% of patients with UC
requiring steroids therapy become steroid-dependent after one year, and virtually all develop
steroid-related adverse events (Faubion et al., 2001). These Immunomodulators have clinical
limitations for use, and can also induce serious side effects, especially by suppressing bone
marrow, causing pancreatitis, and inducing allergy symptoms, abdominal pain, rash, and fever
(Awaad et al., 2013; Jiminez et al., 2015).

Antibiotics, such as Ciprofloxacin and Rifaximin, are also considered as potential
options in UC treatment. Some antibiotics showed the ability to attenuate the immune
response by suppressing the luminal and pathogen bacteria; however the findings about their

efficacy are controversial (Venturi et al., 1999).

Some examples of biologic agents with anti-IBD potentials are the monoclonal
antibodies that are targeted against TNF-a (infliximab), leukocyte adhesion molecules
(MLNO2 and alicaforsen), Thl polarisation, T-cell activation or NF-kB signaling (Ardizzone
and Bianchi, 2005).

It is generally accepted that patients with extensive colitis require surveillance
colonoscopy to detect dysplasia approximately 8 years after diagnosis. After initiation of
surveillance colonoscopy, repeat examinations should follow every 1 to 2 years. The risk of
developing colon cancer in Swedish patients diagnosed before 15 years of age was 1% after
15 years, 6.5% after 20 years, and 15% after 25 years (Hendrickson et al., 2002).

3.1.5.2 Herbal therapy

Herbal therapy has become increasingly popular in persons with digestive disorders,
especially when conventional therapies fail to improve their symptoms. Some of the most
studied natural components with potential benefits in UC treatments are prebiotics and
phenolic compounds. Phenolic compounds are group of natural components with anti-

oxidative and anti-inflammatory actions (Thavorn et al., 2014; Farzaei et al., 2015).
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A survey of 539 patients attending an outpatient clinic in Spain showed that nearly
two-thirds (61.6%) of patients with digestive disorders had used herbal therapies in the past
year, and approximately 80% of these users were satisfied with the results these therapies
yielded (Thavorn et al., 2014). Plant extracts used for the treatment of ulcerative colitis
include: Aloe vera; Boswellia serrata; Tormentil (Rosaceae); Wheat grass (Triticum
aestivum); Germinated barley (Hordeum vulgare); Zingiber Officinale Roscoe
(Zingiberaceae); Rheum tanguticum; Green tea (Camellia sinensis) (Thavorn et al., 2014;
Triantafyllidi et al., 2015)

Polyphenols, the most abundant phytochemicals, have been associated with anti-
inflammatory, antioxidant, immunomodulatory, and apoptotic properties. Locally reducing
oxidative stress, they can further act on cellular targets, altering gene expression related to
inflammation, including NF-kB, Jak/STAT, and MAPKS, suppressing downstream cytokine
formation (e.g., IL-8, IL-18, and TNF-a), and boosting the bodies’ own antioxidant status
(SOD, and GPx). However, potential adverse effects such as acting as prooxidants, or

perturbations of efflux transporters should also be considered (Kaulmann and Bohn, 2016).

Altered immune response is associated with an increased release of pro-inflammatory
cytokines, including IFN, TNFa, IL-6, IL-1B, GM-CSF and IL-17A, chemokines, such as IL-
8, MIP-2 and MCP-1, and adhesion molecules, such as ICAM-1. Different studies are
performed to show the ability of flavonoids to regulate the altered immune response that
occurs in intestinal inflammation. For instance, the administration of flavonoids, such as
cardamonin, chrysin, glabridin, quercitrin, naringenin or rutin, in the DSS model remarkably
decreased the increased levels of the different cytokines evaluated in the inflamed colon
(Vezza et al., 2016). These immunomodulatory properties exerted by the flavonoids have also
been confirmed when in vitro experiments were performed in different cell types involved in
the immune response: epithelial cells, monocytes/macrophages, T cells, and dendritic cells.
For instance, the incubation of LPS-activated macrophages, RAW 264.7 and BMDM cells
with quercetin or baicalin resulted in reduced levels of IL-1B and TNFo when compared with
stimulated cells without flavonoid treatment (Comalada et al., 2005). Similarly, rutin was able
to significantly reduce increased IL-1a levels produced by DSS-stimulated pM' cells, obtained
from mouse peritoneal exudate. In addition, quercetin exerts anti-proliferative effects by
reducing IFN and TNFa production in concavalin A-stimulated purified T lymphocytes
isolated from rat splenocytes (Vezza et al., 2016).
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4 Gastrointestinal motility

4.1 Gastric motility

When food enters the stomach, the organ relaxes to accommmodate this increase in
volume. This receptive relaxation allows storage of the meal without a concomitant increase
in intragastric pressure. As a result, the human stomach increases in size from its empty
volume of about 50 ml to a filled vlume of 1500 ml or more. This relaxation of the gastric
musculature is triggered by the movement of the pharynx and eosophagus and is mediated via
a vagal reflex and the release of NO. It is followed by peristaltic contractions that mix food
and squirt it into the deodenum at a controlled rate. Ingested food may remain unmixed for up
to 1 h after eating. Fats tend to form an oily layer on the top of the other gastric contents and
their emptying is slowest. Liquids are emptyied rapidly, whereas solid food and large or

indigestible particles remain in the stomach for even longer time (Ganong, 2010).

4.2 Intestinal motility

There are two main types of movements, segmentation contractions and peristaltic
waves. Both can take place in the absence of extrinsic innervation, but require an intact
myenteric plexus. Segmentation contraction are ringlike contractions that appear at fairly
regular intervals along the gut, then disappear and are replaced by an other set of ring
contractions in the segment between the previous contractions. These movements permit the
movement of the chyme to and fro and increase its exposure to the mucosal surface (Ganong,
2010). A model of the peristaltic reflex mechanism in the rat intestine was proposed (Figure
07). Peptides involved in the endocrine and enteric nervous system system as well as in the
central nervous system excert concerted action on gastrointestinal motility. Mechanical and
chemical stimuli which induce peptide release from the epithelial endocrine cells are the
earliest step in the initiation of peristaltic activities. Gut peptides exert hormonal effects, but
peptide-containing stimulatory (Ach, substance P, tachynin) and inhibitory (VIP, PACAP,
ATP, NO) neurons are also involved in the induction of ascending contraction and descending

relaxation, respectively (Fujimiya and Inui, 2000).

Activation of inhibitory motor neurons to circular muscle elicits a hyperpolarization
and relaxation of smooth muscle. The inhibitory neurotrasmitters participate in peristalsis by
promoting the inhibitory descending reflex, which is aimed to facilitate propulsion of the

chyme towards the anus. There is a unique relationship between the inhibitory transmitters in
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that NO regulates the release of VIP and PACAP from the myenteric neurons and VIP and
PACAP in turn enhance the production of NO in smooth muscle (Bornstein et al., 2004). The
increased intraluminal pressure caused by the bolus stimulates 5-hydroxyryptamine (5-HT)
release from the epithelial EC cells. 5-HT acts on the 5-HT1P and/or 5-HT4 receptors on the
CGRP containing primary sensory neurons lacated in the submucosa plexus. This sensory
neuron is coupled to 5-HT containing interneurones in the myenteric plexus and then the
neurons are coupled to ascending excitatory motor neurons and descending inhibitory motor

neurons (Fujimiya and Inui, 2000).

Colonic motility displays a circadian trend, and it is mostly present during daylight
hours, with significant peaks after morning awakening, sudden awakening and after meals. In
healthy individuals, the colon receives semi-solid contents from the terminal ileum and, by
means of both segmentation (also helped by the peculiar anatomic aspect represented by the
haustrae) and propulsion; it compacts and propels these contents aborally. Colonic propulsion
is mainly represented by two kind of waves: the so-called high-amplitude propagated
contractions that mainly move large quantities of solid contents aborally and start the
defecatory reflexes, and the low-amplitude propagated contractions, whose function is
principally devoted to the transport of liquid contents and gas, and which is associated with
the emission of flatus and is often elicited by colonic distension. Once the colonic content
reaches the rectum, the distension of the rectal ampulla and the sampling reflex of the anal
sphincter send the relevant stimuli to the subject’s brain and, if socially appropriate, he/she

will decide whether to evacuate (Bassoti et al., 2014).
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Figure 7: Mechanism of peristaltic reflex of the rat interstine (Fujimiya and Inui, 2000). VIP:
vasopressin intestinal peptide; NO: nitric oxide; PACAP: pituitary adenyl cyclase activating peptide;
CGRP: calcitonin gene related peptide; TK: tachynin; SP: substance P; 5-HT: 5-hydroxytryptan; EC:

enterochromaffin cells; Ach: acetylcholine.

5 Diarrhoea:

Diarrhoea is a worldwide health problem. It is one of the leading causes of morbidity
and mortality especially in children. In developing countries, diarrhoeal disease accounts for
an estimated 17.5-21 % of all deaths in children under the age 5 years, equivalent to 1.5

million deaths per year (Boschi-Pinto et al., 2008).

Diarrhoea can be defined as a gastrointestinal infection with the passage of loose or
watery stools, three or more times in 24 hours. It occurs in all races, sexes, ages and
geographic areas particularly in sites with poor sanitation and hygiene, including the lack of
safe drinking water. It is mainly caused by many bacterial, viral and parasitic organisms
(WHO, 2014).
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5.1 Classification of diarrhoea

Several classifications have been attributed to diarrhoea based on duration,
aetiological factors, pathophysiological mechanisms and systemic diseases contributing to
diarrhoea. In 2014, the WHO classified diarrhoea in children to:

« Acute diarrhoea wich is defined as en episode of diarrhoea that lasts less than 14 days. This
type of diarrhoea induces dehydration and contributes to malnutrition; and the death of the

affected children is usually due to dehydreation.

« Persistent diarrhoea lasts 14 days or more. Up to 20% of episodes become persistent and it

often provokes nutritional problems and contributes to death in children.

 Dysentery is diarrhoea with blood in the stool, with or without mucus. The main cause of
dysentery is Shigella bacteria and a child may have both watery diarrhoea and dysentery.

Another classification based on duration was also proposed, according to wich diarrhoea is
classified into:

- Acute watery diarrhoea: It starts acutely and lasts for less than 14 days. The main causes of

this type are rotavirus, Escherichia coli, Shigella, Campylobacter jejuni and Cryptosporodium.

-Persistent diarrhoea: Begins acutely but usually has longer duration (at least 14 days).
Noticible weight loss is frequent. E. coli, Shigella and cryptosporodium are the main

infections agents.

- Chronic diarrhoea: It is a common condition that lasts more than 4 weeks. It is due to non
infections agents but may be caused by inherited metabolic disorders, such as sensitivity to
gluten. It occurs in males more than females with a percentage of 3 to 5 of the general

population worldwide (Frank-Briggs et al., 2012).

5.2 Pathophysiology of diarrhoea

5.2.1 Normal physiology

Under normal physiological conditions, approximately 8 L of fluids reach the upper
small bowel. This includes 2 L of ingested fluids and the remaining 6 L from salivary, gastric,
biliary, and pancreatic secretions. Most of this fluid is reabsorbed before reaching the distal

small bowel so that only about 1 L of fluid enters the colon .The colon reabsorbs almost all of
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this fluid and the remaining; usually less than 200 ml is excreted in the stool. The colon has
the capacity to reabsorb up to a maximum of 3-4 liters of fluid and thus to salvage much of
the fluid that might be lost in small intestinal malabsorptive conditions (Navaneethan and
Giannella, 2008). In the small intestine, water and electrolytes are simultaneously absorbed by
the villi and secreted by the crypts of the bowel epithelium. This causes a two-directional flow
of water and electrolytes between the intestinal lumen and the blood. Since fluid absorption is
normally greater than fluid secretion, the net result is fluid absorption (WHO, 1992).

Sodium and water absorption by enterocytes is mediated by an active, adenosine
triphosphate (ATP)-dependent active sodium (Na) pump (Na, K-ATPase) located on the
basolateral membranes of intestinal crypt and villus cells (Binder, 2005). In the intestine,
solute movement creates the osmotic force for fluid movement. Na absorption drives fluid
reabsorption, while active CI secretion contributes to water secretion in secretory diarrhoea.
Small intestinal Na absorption is mediated primarily by two mechanisms: a glucose- or amino
acid-stimulated cotransport in which Na accompanies the other solute and a coupled Na—Cl
mechanism. The latter is a combination of Na—H exchange and CI-HCO3 exchange
(Navaneethan and Giannella, 2008). Usually, more than 90% of the fluid entering the small
intestine is absorbed, so that about 1 litre reaches the large intestine. There, further absorption
occurs, only 100 to 200 millilitres of water being excreted each day in formed stools. Any
change in the two-directional flow of water and electrolytes in the small intestine (i.e.
increased secretion, decreased absorption, or both ) results in either reduced net absorption
or actual net secretion and causes an increased volume of fluid to enter the large
intestine. When this volume exceeds the limited absorptive capacity of the large intestine,
diarrhoea occurs (WHO, 1992). Any disturbance in the coordinated flux of water and ions and

motility can result in the clinical syndrome of diarrhoea (Navaneethan and Giannella, 2008).

5.2.2 Physiological disturbances in diarrhoea

The pathophysiolgy of diarrhoea can be classified based on the mechanism into
secretory, osmotic, inflammatory, iatrogenic/drug related, and functional/motility-related
diarrhoea. Diarrhoeal syndromes result from disturbances in any of the basic
pathophysiological processes including osmosis, active secretion, exudation or inflammation,
and altered motility (Field, 2003). Osmotic forces contribute to diarrhoea when poorly
absorbable solutes remaining in the gastrointestinal lumen retain water and electrolytes

resulting in reduced water reabsorption. The secretory diarrhoea is associated with an
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activation of CI- channels, causing Cl- efflux from the cell, resulting in massive secretion of
water into the intestinal lumen and profuse watery diarrhoea (Jebakumar et al., 2011). Active
secretion can play a vital role in the pathophysiology of diarrhoea as evidenced in cholera or
in celiac disease. Other secretory stimuli include other bacterial enterotoxins, hormones from
endocrine neoplasms, dihydroxy bile acids, hydroxylated fatty acids, and inflammatory
mediators (Navaneethan and Giannella, 2008). Exudation can contribute to diarrhoea when
the intestinal epithelium’s barrier function is compromised by loss of epithelial cells or
disruption of tight junctions as occurs in invasive diarrhoea due to Shigella/Salmonella
(Navaneethan and Giannella, 2008) and inflammatory disease process as in ulcerative colitis
or Crohn’s disease (Binder, 2009). Motility disturbances can result in diarrhoea as occurring
in thyrotoxicosis and opiate withdrawal. Also slowing of the motor function of the small

intestine can result in bacterial overgrowth and hence diarrhoea (Figure 8)(Camilleri, 2004).
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Figure 8: Schema illusrating mechanisms of pathogenisis for invasive and cytotoxin-

mediated bacterial inflammatory diarrhoea (Navaneethan and Giannella, 2008).

5.3 Treatment of diarrhoea

The treatment of patients with diarrhoea is based on the major features of the disease
and an understanding of the underlying pathogenetic mechanisms. The main principles of

treatment are as follows:

* Watery diarrhoea requires replacement of fluids and electrolytes- irrespective of its etiology.
Feeding should be continued during all types of diarrhoea to the greatest extent possible,
and should be increased during convalescence so as to avoid any adverse effect on

nutritional status.
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* Antimicrobials and antiparasitic agents should not be used routinely; most episodes,
including severe diarrhoea and diarrhoea with fever, do not benefit from such treatment.

The exceptions are:
-Dysentery, which should be treated with an antimicrobial effective for Shigella.
- Suspected cholera with severe dehydration;

- Persistent diarrhoea, when trophozoites or cysts of Giardia or trophozoites of E. histolytica
are seen in faeces or intestinal fluid, or when pathogenic enteric bacteria are identified by
stool culture (WHO, 1992).

Polyphenols may be used in controlling non-inflammatory diarrhoeal states. In the
large intestine, colonic bacteria are known to act enzymatically on the polyphenolic backbone
of the remaining unabsorbed polyphenols (90-95% of the total polyphenol intake),
sequentially producing metabolites with different physiological significance. In addition,
polyphenols may be converted by the colonic microbiota to bioactive compounds that can

affect the intestinal ecology and influence host health (Cardona et al., 2013).

A polyphenol extract from apples was found to have an inhibitory effect on cholera
toxin induced diarrhoea, in a dose-dependent fashion. This effect could be seen as long as 10
min after toxin injection. The fraction containing highly polymerized cathechins most
effectively inhibited the toxin-mediated fluid secretion (Loeb et al., 1989). A clinical trial in a
pediatric population with acute diarrhoea evaluated the effects of a tannin-rich carob pod
powder, which contained 21.2% polyphenols (Loeb et al., 1989). The carob pod powder
recipients experienced cessation of diarrhoeal symptoms approximately 1.5 days earlier than
controls. A variety of other compounds used as antidiarrheals in traditional medicine have
been screened for their active ingredient, and polyphenol components have been identified as

the bioactive molecules (Dryden et al, 2006).

6 The plant in study: Myrtus communis L.

Myrtus communis L. is is one of the important aromatic and medicinal species
belonging to the Myrtaceae family which includes approximately 100 genera and 3000
species growing in temperate, tropical and subtropical regions. It is native to Southern
Europe, North Africa and Western Asia and also distributed in South America, North western
Himalaya and Australia (Males et al., 2006; Nassar et al., 2010; Sumbul et al., 2011). In
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Algeria, M. communis L. is widespread especially in the Tell Atlas and in the coastal regions
(Quezel and Santa, 1963). It is commonly known under the name of El-Reihan or Hlamouche
(Baba Aissa, 2011).

6.1 Botanical description

An evergreen shrub, generally 3—7-m high. It has stiff branches and reddish twigs,
with dark glossy green leaves. The attractive flowers are white or pinkish and very fragrant.
Fruits are round, reddish-blue to violet berries. The whole plant is very aromatic (Charles,
2013). The stem of the plant is branched and dark green leaves are glossy, glabrous,
coriaceous, opposite, paired or whorled, ovate to lanceolate with stiff structure, aromatic
entire margined, acuminate and 2.5-3.8 cm long, glands absent in the lamina. It has axillary
white or pinkish and very fragrant flowers on slender peduncles; medium sized about 2 cm in
diam., stiff having yellow anthers. The petals are pure white with glands and somewhat
tomentose margin covered with fine hairs. They give off a sweet fragrant smell. Flowers are
star-like, white or pinkish and very fragrant (Sumbul et al., 2011; Charles, 2013). The round
blue-black berry fruit contains several seeds. The pollination is done by insects, and the seeds
are dispersed by birds that eat the berries (Satyavati et al., 1976). Myrtle fruit is a multiseeded
berry, spherical pea-sized, orbicular or ovoid-ellipsoid, blue-black or white seeds. They are of
varying sizes (0.7-1.2 cm) and shapes. The glabrous berry has rounded (vaselike) shape with a
swollen central part and remnants of persistent 4-5 partite calyx at the outer part. The
developed fruits (berries) are initially pale green, then turn deep red and finally become dark
indigo when fully mature (Figure 9). They are bitter when unripe, sweet when ripe. It can
grow in damp places, shades as well as full sun up to 800 m altitudes. Its blooming time is

summer (Sumbul et al., 2011).
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Systematic of myrtle is as the follows (Quezel and Santa, 1962).
Kingdom: Plantae

Phyllum: Trachephyta

Class: Magnoliopsida

Order: Myrtaceae

Genus: Myrtus Species: Myrtus communis L.

Figure 9: Myrtus communis L. plant (Sumbul et al., 2011)

6.2 Traditional uses

Different parts of this herb such as its berries, branches, leaves and fruits have been
used extensively as a folk. Generally speaking, this herb has been used traditionally for the
treatment of diarrhoea, peptic ulcers, hemorrhoids, inflammation, bleeding, headache,
palpitation, leucorrhoea, urethritis, epistaxis, conjunctivitis, and excessive perspiration,
pulmonary and skin diseases (Evans, 2002). Myrtle edible products are effective in treating
urinary tract infections, digestive problems, bronchitis, sinusitis and dry cough. The essential
oil in topical products is used for rheumatoid pain. Fruit has carminative properties and
effective in the treatment of diarrhoea, dysentery, hemorrhoid, internal wounds and
rheumatism (Baharvand-Ahmadi et al., 2015). Myrtle extensive use in traditional medicine
and also the entry of its products (such as topical ointments and drops) to the pharmaceutical
industry provoke the need for further knowledge of the herb’s different aspects such as

phytochemical, pharmacological and toxicological properties (Alipour et al., 2014).
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6.3 Chemical composition

The plant contains many biologically active compounds. Myrtle essential oil, extracted
from its leaves, branches, fruits and flowers through steam distillation, is yellow or greenish
yellow with a refreshing odour (Sumbul et al., 2011). The oil has been widely investigated; its
composition is quite variable depending on the geographic region of production, the season of
harvest and the length of distillation (Tuberoso et al., 2006; Sumbul et al., 2011).

The major constituents of the leaf essential oil composition are a-pinene and 1,8-
cineole. The main essential oil components in the flower are a-pinene and 1,8-cineole, as well
as other compounds including limonene, eugenol, o-terpineol, linalool and methyleugenol.
1,8-Cineole is the dominant component in stem essential oil and it is followed by a-pinene,
E- B-ocimene and linalool (Aidi Wannes et al., 2010). However, in most regions, terpenoid
compounds (1,8-cineole, a-pinene, myrtenyl acetate, limonene, linalool, a-terpinolene) are the
major constituents found in the essential oil obtained from the leaves (Bradesi et al., 1997;
Aidi Wannes et al., 2010; Berka-Zougali et al., 2010; Hassiotis and Lazari 2010; Ghasemi et
al., 2011). Eucalyptol is reported as the major constituent of myrtle leaf essential oil grown in
northern Cyprus as well (Akin et al., 2012; Aleksic and Knezevic, 2013). Myrtle berries
volatile oil also contains large amounts of monoterpene hydrocarbons and oxygenated
monoterpenes with a-pinene, 1,8-cineole, geranyl acetate and linalool as the main components
(Aidi Wannes et al., 2010; Barboni et al., 2010).

M. communis L. extracts profile constitutes polyphenolic compounds, which are
grouped in three major chemical classes: phenolic acids, tannins and flavonoids such as
quercetin, catechin and myricetin derivatives, coumarins, myrtucommulone (MC) A and B,
semimyrtucommulone  (S-MC) (which are unique oligomeric, nonprenylated
acylphloroglucinol compounds), galloyl-glucosides, ellagitannins, galloyl-quinic acids,
caffeic, gallic and ellagic acids (Yoshimura et al., 2008; Asif et al., 2011; Sumbul et al.,
2011; Akin et al., 2012). Polyphenolic composition of the berries was characterized by high
concentrations of flavonol glycosides, flavonols and flavanols. The major fatty acids of
berries were reported as linoleic, palmitic, oleic and stearic acids (Aidi Wannes et al., 2010;
Barboni et al., 2010). Berries are also reported to contain tannin, resins, citric, malic and
caffeic acids, sugar, anthocyanin arabinosides, anthocyanin glucosides, kaempferol, quercetin,
myricetin 3-0-glucoside, myricetin 3, 3-di-ogalactoside amongst others (Sumbul et al., 2011;
Akin et al., 2012; Alipour et al., 2014).
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6.4 Pharmacological properties

6.4.1 Antioxidant

Several reports describe the antioxidant activities of different extracts and compounds
obtained from myrtle (Romani et al., 2004; Gardeli et al., 2008; Hayder et al., 2008; Rosa et
al., 2008; Tuberoso et al., 2010). The total phenolic content and flavonoids from methanolic,
ethanolic and aqueous extracts of Myrtle leaves and berries were evaluated for their
antioxidant activities (Amensour et al., 2009; Amira et al., 2012). In general, the leaf extracts
had higher antioxidant activity than the berries and a positive correlation was observed
between the phenolic content and the antioxidant capacity (Amensour et al., 2009). The
methanolic extract of the different parts of the plant were also found to have higher
antioxidant activity than the leaf and flower essential oil (Aidi-Wannes et al., 2010). The
antioxidant properties and composition of the ethanol extracts obtained from myrtle berries
have been studied as well and mainly focused on their main compounds, anthocyanins and
flavonols, which are generally considered to be responsible for antioxidant activity (Alamanni
and Cossu, 2004; Romani et al., 2004; Montoro et al., 2006; Tuberoso et al., 2010).Various
known antioxidants like flavonoids, tannins (Romani et al. 2004) and a-tocopherol have been
isolated from myrtle extracts. M. communis L. also exhibit the biological activities of tannins
including anticancer and antioxidant activities (Romani et al., 2004).

Flavonoids and anthocyanins in berries extract were checked for antioxidant activity
by TEAC assay and the free radical activity. The myrtle extract showed interesting free
radical scavenging activity (Montoro et al., 2006). Radical scavenging activity of essential oil
was studied by collecting the plant samples from two distant localities. Both oils exhibited
moderate DPPH (2, 2-diphenyl-1-picrylhydrazyl) scavenging activity (Mimica-Dukic et al.,
2010).

6.4.2 Anti-inflammatory

Several studies have indicated the anti-inflammatory properties of the essential oil of
M. communis in animal models (Rossi et al., 2009; Hosseinzadeh et al., 2011; Maxia et al.,
2011; Amira et al., 2012). Rossi et al. (2009) showed that the injection of myrtucommulone
from Myrtus communis had potent anti-inflammatory activity in vivo by reducing paw oedema
and pleurisy induced by carrageenan. Similarly, Amira et al. (2012) noticed an inhibithion in

carragenan induced paw oedema in mice following the gavage of Myrtus communis aqueous
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berries extract. Hosseinzadeh et al. (2011) evaluated the anti-inflammatory effect of aqueous
and ethanolic extracts of the aerial parts of M. communis L. using xylene-induced ear oedema
and cotton pellet tests. Both extracts had anti-inflammatory effects in acute and chronic
inflammation, as well as, antinociceptive action in mice. In addition, Feisst et al., (2005)
found that Myrtucommulone, semimyrtucommulone and nonprenylated acylphloroglucinols
present in the leaves of M. communis L., potently suppress the biosynthesis of eicosanoids by
direct inhibition of cyclooxygenase-1 and 5-lipoxygenase in vitro and in vivo. Furthermore,
topical use of the essential oil of M. communis is reported to cause a significant decrease in

the ear oedema and cotton pellet-induced granuloma (Maxia et al., 2011).

Other pharmacological studies on Myrtus communis have been focossing on
antidiabetic activity. Elfellanh et al. (1984) found that the ethanol-water extract of M.
communis had anti-hyperglycaemic effect in mice. Similarly, a hypoglycaemic activity in
alloxan-diabetic rabbits (Sepici-Dincel et al., 2004) and rats (Malekpour et al., 2012) was also

observed.

Mansouri et al. (2001) evaluated the antibacterial activity of methanol crude extract of
M. communis against 10 laboratory strains of microorganisms, including 6 Gram positive
(Staphylococcus aureus, Micrococcus luteus, Streptococcus pneumoniae, S. pyogenes, S.
agalactiae and Listeria monocytogenes) and 4 Gram negative bacteria (Escherichia coli,
Proteus vulgaris, Pseudomonas aeruginosa and Campylobacter jejuni). The crude extract
inhibited the growth of all tested bacteria except C. jejuni. When tested against 150 strains
isolated from burns (predominantely P. aeruginosa and S. aureus), aqueous leaves extracts of
M. communis gave an excellent effect on bacterial growth and their effects were located
within the limits of antibiotic effects (Al-Saimary et al. 2002)

To our knoweldge, one study was devoted to the anti-ulcerogenic effects of M.
communis berries in rats (Sumbul et al., 2010). Results from this study showed a reduction in
ulcer index in both methanolic and aqueous extracts, as well as, a decrease in gastric juice
volume; total acidity and an increase in gastric wall mucus content. Myrtle oral paste had a
therapeutic effect on reccurent aphthous stomatitis, an ulcerative disorder of the oral cavity
(Babaee et al., 2010).
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1 Materials

1.1 Chemicals

All chemicals were of analytical grade and purchased from sigma (St Louis, MO,
USA) or Fluka Chemical Co. (Buchs, Switzerland).

1.2 Plant material

The fresh leaves and berries of M. communis L. were collected from Jijel (North-East
of Algeria) in November, 2014. The taxonomic identity of the plant was done by Professor
Gonzalez-Tejero and Casares-Porcel Department of Botany, University of Granada, Spain and
a voucher number ML 11/14 was deposited at the Laboratory of Phytotherapy Applied to
Chronic Diseases, University Setif 1. The collected plant was dried under shade.

1.3 Animals

Male Swiss white mice (Pasteur Institute, Algiers, Algeria), weighing between 25 and
30 g, were used in this study. They were initially housed in groups in cages and had free
access to water and food ad libitum for a week. In all studies, the animals (with exception for
the antidiarrhoeric test) were fasted for 18-20 h with free access to water until 60 min before
the start of the experiment. During the fasting period, the animals were placed individually in

cages with wide-mesh wire bottoms to prevent coprophagy.

2 Methods

2.1 Extraction and fractionation

The extraction procedure was conducted as described by Markham (1982) with slight
modification. The dried powder of M. communis L. leaves and berries was extracted with
methanol (85%) at room temperature for 3 days. The resulting suspension was then filtered
and concentrated by evaporation at 50 C° and fractioned by successive washing with different
solvents of increasing polarity (hexane, chloroform and ethyl acetate). Each fraction was
evaporated to dryness to obtain the following fractions: methanol extract (ME), hexane
extract (HE), chloroform extract (CHE), ethyl acetate extract (EAE) and the remaining

aqueous extract (AqE). The extracts were stored at 4 °C until use (Figure 10).
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Figure 10: Fractionation steps of the crude extract of Myrtus communis L. with slight
modifications (Markham, 1982).

2.2 Determination of total phenolic content

Total phenolic content was assessed by Folin Ciocalteu reagent as described by Li et
al (2007). A volume of 100 pl of each extract was mixed with 500 pl of Folin Ciocalteu
reagent (diluted 10 times). After 4 min, 400 ul of 7.5% of Na,COs solution was added. The
final mixture was shaken and incubated in dark at room temperature for 1 hour and the
absorbance of the reaction mixture was measured at 760 nm. The amount of total
polyphenols in different extracts was determined from a standard curve of gallic acid (Figure
11). The results were expressed as mg of gallic acid equivalent (GAE) per gram of dried plant

extract.
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Figure 11: Standard curve of gallic acid for the determination of total polyphenols in

M.communis L. extracts. Each value represents mean + SD (n=3).

2.3 Determination of total flavonoid content

Total flavonoid content was determined using aluminum chloride assay (Bahorun et
al., 1996). Briefly, 1 ml of each tested extract or standard (quercetin) were mixed with 1 ml of
AICIl; (2%). After 10 min of incubation, the absorbance against a prepared blank was
measured at 430 nm. The results were expressed as quercetin equivalent per gram of dry plant

extract weight (mg QE/g DW) using a calibration curve of quercetin (Figure 12).
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Figure 12: Standard curve of quercetin for the dtermination of flavonoids in M. communis L.

extracts. Each value represents mean + SD (n=3).

2.4 Determination of total tannins content

This was achieved by testing the capacity of the different extracts to precipitate
haemoglobin from fresh bovine blood according to the method described by Bate-Smith
(1973). Briefly, a volume of each plant extract was mixed with an equal volume of hemolysed
bovine blood (absorbance = 1.6). After 20 minutes of incubation at room temperature, the
mixture was centrifuged at 4000 rpm, and the absorbance of the supernatant was measured at
576 nm and the results were expressed as mg equivalent tannic acid per gram of extract dry

weight (mg TAE/g DW) using a calibration curve of tannic acid (Figure 13).
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Figure 13: Standard curve of tannic acid for the dtermination of tannins in M. communis L.
extracts. Each value represents mean + SD (n=3).
25 HPLC-MS analysis

Agilent Technology of 1260 Infinity HPLC System was coupled with 6210 Time of
Flight (TOF) LC/MS detector and ZORBAX SB-C18 (4.6 x100mm, 3.5um) column. Mobile
phases A and B were ultra-pure water with 0.1% formic acid and acetonitrile (not very clear),
respectively. Flow rate was 0.6 mL min-1 and column temperature was 35°C. Injection
volume was 10 pL. The solvent program was as follow: 0. min 10% B; 0-1.min 10% B; 1-
20.min 50% B; 20-23.min 80% B; 23-25.min 10% B; 25-30. min 10% B. lonization mode of
HPLC-TOF/MS instrument was negative and operated with a nitrogen gas temperature of 325
°C, nitrogen gas flow of 10.0 L min-1, nebulizer of 40 psi, capillary voltage of 4000 V and
finally, fragmentor voltage of 175 V. For sample analysis, dried crude extracts from M.
communis leaves and berries (200 ppm) were dissolved in methanol at room temperature.
Samples were filtered passing through a PTFE (0.45 um) filter by an injector to remove
particulates (Abay et al., 2015).

2.6 Extraction and GC-MS analysis of essential oil

The volatile components of M. communis L. leaves were determined and identified
using GC/MS analyses. The analyses were carried out with a Varian CP-3800 gas-
chromatograph equipped with a DB-5 capillary column (30 m 0.25 mm; coating thickness

0.25 mm) and a Varian Saturn 2000 ion trap mass detector. The analytical conditions were as
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follows: injector and transfer line temperatures 220 and 240C, respectively; oven temperature
programmed from 60 to 240Cat 3C/min; carrier gas helium at 1 ml/min; injection of 0.2 ml
(10% hexane solution); split ratio 1:30. The identification of the constituents was based on the
comparison of the retention times with those of authentic samples, comparing their linear
retention indices relative to a series of n-hydrocarbons, and on computer matching against
commercial (NIST 98 and ADAMS) and homemade library mass spectra built up from pure
substances and constituents of known oils and MS literature data (Adams, 1995; Masada,
1976; Swigar and Silverstein, 1981).

2.7 Acute oral toxicity

Acute oral toxicity of M. communis L. extracts and essential oil was performed using
few animals according to the limit test recommendation of the Organization of Economic Co-
operation and Development (OECD), guideline 423 (2001). The oil was administered to the
first animal at a single oral dose (2000 mg/kg), whereas the extracts were administered at 2
single oral doses (2000 and 5000 mg/kg). The animals were not fed for three hours following
administration. Gross behavioral and toxic effects (restlessness, agitation, dullness, writhing
etc.) were observed at short intervals for 24 h. As these animals did not die, two more animals
were treated in the same way. After 14 days mice were sacrificed and all the organs were

removed for gross pathological examination.

Ethanol-induced gastric ulceration in rats

The animals were divided into 14 groups, consisting of six rats each. Each rat in each
group was subsequently separately placed in a cage Group 1 rats were treated with CMC
(1.5%) as negative control. Group 2 received 5 mg/kg ranitidine (positive control). Groups 3,
4 and 5 were treated with ME at doses 50; 250 and 500 mg/kg. Groups 6, 7 and 8 received 50,
250 and 500 mg/kg of CHE extract. Groups 9, 10 and 11 received 50, 250 and 500 mg/kg of
EAE extract Groups 12, 13 and 14 were treated with EO at doses 25, 250 and 500 mg/kg. 60
minutes after the oral respective treatments (5 ml/kg), ulceration was induced by intragastric
instillation of 70% ethanol (0.5 mI/200 g). Thirty minutes later, the animals were sacrificed
with cervical dislocation and each stomach was incised along the greater curvature,
photographed and macroscopically examined for linear haemorrhagic lesions in the glandular
region. The length (mm) of each lesion was determined and each length was summed per

stomach. The sum of length (mm) of all lesions for each stomach was used as the ulcer index
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(UD). The percentage inhibition was calculated by the following formula: %inhibition = Ul
control — Ul treated /Ul control x 100.

2.9 Histopathological examinations

For microscopic analysis, a portion of stomach from each experimental group was
fixed in10% formalin and dehydrated with mixtures of increasing grades of ethanol, clarified
in xylene using a tissue processor (MTP-SLEE, Mainz, Germany) and embedded in paraffin.
After processing, sections of 5 um were obtained with a standard microtome and were stained
with heamatoxylin and eosin (HE). The tissue sections were examined by a pathologist
without knowledge of the experimental groups for presence of any negative features, such as

edema, erosion, ulceration and necrosis. The slides were later photographed.

2.10 Determination of mucus in gastric layer

Adherent mucus measurement was carried out in rats according to the alcian blue dye
method described by Corne etal. (1974), this cationic dye binds to glycoproteins and soluble
mucopolysaccharides into insoluble complexes without penetrating mucosal cells. The
animals grouped into 14 groups as descriped in the previous experimentl design. Each
glandular portion of the stomach was immediately immersed in 10 ml of the 0.1% alcian blue
solution (0.16 M sucrose/0.05 M sodium acetate, pH 5.8). At the end of the 2 h-period, the
unbound dye was removed by two successive washings, first for of 15 min. and then for 45
min with 10 ml of 0.25 M sucrose. The mucus-bound dye was then eluted by immersion of
the tissue in 0.5 M magnesium chloride and shaken for 2 h. Four milliliters of the blue extract
was then briefly shaken with an equal volume of diethyl ether in order to dissolve possible
particles, which could interfere with the spectrophotometric determination. The absorbance of
the aqueous phase was then read at 605 nm (Shimadzu UV/Vis-1601Spectrophotometer,
Japan). The amount of alcian blue extracted per gram of wet glandular tissue was then
calculated by linear regression with a calibration curve obtained from standard serial dilutions
of different concentrations of the dye (Figure 14), and results were expressed as g of alcian
blue/g of tissue.
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Figure 14: Standard curve of alcian blue for the determination of mucus in rat gastric tissue.

Each value represents mean£SD (n=3).

2.11 Evaluation of in vivo antioxidant activity

2.11.1 Preparation of homogenate

After the sacrifice, the stomach from each animal was dissected out, opened along the
great curvature, washed with ice-cold saline, blotted with filter paper and the glandular
portion was cut, weighed and homogenized in 50 mM Tris HCI buffer (pH 7.4) using dounce
homogenizer in ice-cold condition to obtain 10 % (w/v) homogenate. Then the homogenate
was centrifuged at 4000 g at 4 °C for 15 min and the supernatant was collected and stored at -
20 °C for the following biochemical parameters: estimation of lipid peroxidation (MDA),
reduced glutathione (GSH), catalase (CAT), Superoxide dismutase (SOD) and total proteins.
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2.11.2 Estimation of gastric total proteins content

Gastric total proteins were determined by the the method of Gornall et al. (1949) using
the Biuret kit total protein reagent (potassium iodide, potassium sodium tartarate, copper
sulphate and sodium hydroxide). Proteins give a blue-violet color with copper sulphate in
alkaline medium. In brief, 1 ml of Biuret reagent was mixed with 25 pl of the tissue
homogenate or standard (bovine serum albumen), then the mixture was incubated at room
temperature for 10 min. The absorbance was then read at 540 nm. Total protein amount was

calculated according the following formula:
Total protein (mg/ml) = (Abs of sample / Abs of standard) X n
Where n is standard concentration.

2.11.3 Estimation of catalase (CAT) activity

Catalase activity was measured by the method of Clairborne (1985) with slight
modification. The principle of this assay is based on the hydrogen peroxide breakdown in the

presence of catalase according to the following reaction:

_ Catalase -
2 H,0, > 2 H20+ 0O,

A solution of 19 mM H,0; (2.9 mL) in 50 mM phosphate buffer pH 7.4 was put into a
quartz cuvette, 50 pL of tissue homogenate was added. The rate of decomposition of H,O; in
presence of CAT was monitored spectrophotometrically at 240 nm immediately and at every

15 seconds for 1 min; the enzymatic activity was expressed as uM H,O,/min/mg protein.

2.11.4 Assessment of reduced glutathione (GSH)

Reduced glutathione (GSH) was measured by the method of Ellman (1959). The assay
is based on the oxidation of GSH by 5, 5' -dithio-bis (2-nitrobenzoic acid) (DTNB)(Ellman's
reagent). DTNB and GSH react to generate 2-nitro-5-thiobenzoic acid (TNB) which has an
intense yellow color and maximum absorbance at 412 nm (Wendel and Cikryt, 1980). For this
assay, 50 pl of the tissue homogenate was diluted in 10 ml of phosphate buffer (0.1 M, pH 8).
To 3 ml of the mixure of dilution, 20 pl of DTNB (0.01 M) were added and after 5 min of

incubation, the yellow color developed was read at 412 nm. The concentration of GSH
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expressed in mmol/g of tissue was extrapolated from a curve of standard concentrations of

GSH (Figure 15) realized in the same conditions.
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y=10.,0946x-0,0026
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0,1

»SH concentration (mmol/ml)

Figure 15: Standard curve of reduced glutathione (GSH). Each value represents mean+SD
(n=3).

2.11.5 Lipid peroxidation (LPO) estimation

Stomach tissue lipid peroxidation was assessed by measuring malondialdehyde
(MDA) formation following the method of Ohkawa et al. (1979). The principle of this method
consists of the reaction of MDA with thiobarbituric acid (TBA) in acid conditions and a
higher temperature (100°C) to form a pink MDA-(TBA), complex. Briefly, 0.5 ml of TCA
(20 % wi/v) was added to 0.5 ml of tissue homogenate, then 1 ml of TBA (0.67 % wi/v) was
added. The mixture was incubated at 100 °C for 15 min, cooled immediately in ice and mixed
with 4 ml of n-butanol and centrifuged at 3000 rpm for 15 min. The absorbance of the clear
pink supernatant was measured spectrophotometrically at 532 nm against a blank. The
concentration of MDA was determined from a standard curve of 1,1,3,3 tetraethoxypropane
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(serial dilutions of the stock 10 mM) (Figure 16). The results were expressed as nmol TBA /g
of gastric tissue.
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Figure 16: Standard curve of 1,1,3,3 tetraethoxypropane for estimation of MDA.

2.11.6 Determination of superoxide dismutase (SOD) activity

SOD activity was measured based on the ability of the enzyme to inhibit the process of
pyrogallol autoxidation, according to Marklund and Marklund (1974) and Gao et al. (1998).
Supernatant aliquots (5 pl) were added to 1 ml of buffer solution (50 mM Tris HCI, pH 8.2)
and 10 pl pyrogallol (20 mM). An increase in absorbance was measured at 420 nm every 30 s
for 1 min against a blank. The inhibition % = abs control- abs sample / abs control x 100. The
amount of SOD that inhibited the oxidation of pyrogallol by 50%, relative to the control, was

defined as one unit of SOD activity which was calculated as follows:

Enzyme activity= (Inhibition /50) x 100. The results were expressed as U/mg of protein.
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2.12 Evaluation of in vitro antioxidant activity

2.12.1 ABTS radical cation decolorization assay

The radical scavenging assay against ABTS was measured using the method of Re et
al. (1999) with slight modification. The ABTS radical stock solution (7 mM in water) was
mixed with 2.45 mM potassium persulfate and kept for 12-16 h in the dark at room
temperature. The solution was then diluted with methanol to give an absorbance of ~0.7 at
734 nm. Then 50 pl of sample was mixed with 1 ml of ABTS mixture and kept for 30 min at
room temperature in the dark. The absorbance of reaction mixture was measured at 734 nm.
Trolox was used as positive control. All determinations were performed in replicates.

Scavenging capability of test compounds was calculated from the following equation:
% inhibition = [(Absorbance of control — Absorbance of test sample)/Absorbance of control] x100.

To determine the 1Cso values, a dose response curve was plotted. IC 5o is defined as the

concentration sufficient to obtain 50% of a maximum scavenging capacity.

2.12.2 DPPH scavenging activity

The DPPH assay was based on the measurement of altering the purple color to yellow
of DPPH radical at 517 nm after reaction with antioxidant compound. The effect of
antioxidants on DPPH radical was thought to be due to their hydrogen donating ability.
DPPH-is a stable free radical and accepts an electron or hydrogen radical to become a stable
diamagnetic molecule (Shekhar and Anju, 2014)

The 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity of the
extracts was determined spectrophotometrically in an MRXe tc (DYNEX Technologies
GmbH, Denkendorf, Germany), by monitoring the disappearance of DPPH at 515 nm,
according to the method described by Ribeiro et al. ( 2007). Briefly, 20 ul of M. communis L.
extracts or standard solution (ascorbic acid) in absolute methanol was added to 180 ul of
DPPH reagent (0.004%) in 96 well plates. Absolute ethanol was used for reagent blank. All
reagents were mixed and incubated for 30 minutes at room temperature and protected from
light. Experiments were done in triplicates. The percentages of the DPPH free radical

scavenging activity were calculated as follows:

% inhibition = [(Absorbance of control — Absorbance of test sample)/Absorbance of control] x100.
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To determine the ICs values, a dose response curve was plotted. I1C 5 is defined as the

concentration sufficient to obtain 50% of a maximum scavenging capacity.

2.12.3 Hydroxyl radical scavenging activity

The hydroxyl radical scavenging activity of M. communis extracts was measured by
the salicylic method described by Smirnoff and Cumbes (1989). The reaction mixture 3.0 ml
contained 1.0 ml of 1.5 mM FeSO4, 0.7 ml of 6 mM hydrogen peroxide, 0.3 ml of 20 mM
sodium salicylate and varied concentrations of the extract. After incubation for 1 hour at 37°C
in water bath, the absorbance of the hydroxylated salicylate complex was measured at 562
nm. The scavenging activity of hydroxyl radical effect was calculated according to the
following equation: [1- (A1-A2) / Ag] x 100.

Where AQ is absorbance of the control (without extract) and A; is the absorbance in

the presence of the extract, A; is the absorbance without sodium salicylate.

2.12.4 Hydrogen peroxide-scavenging activity

The ability of M. communis extracts to scavenge H,O, was determined according to
the method of Ruch et al. (1989). A solution of H,O, (40 mM) was prepared in Na,HPO4—
NaH,PO, buffer solution (pH = 7.4, 0.1 mol/L). H,O, concentration was determined
spectrophotometrically from absorption at 230 nm. Different concentrations of samples in
distilled water were added to a H,O; solution (0.6 mL). Absorbance of H,O, at 230 nm was
determined after 10 min against a blank solution containing phosphate buffer without H,0,.
The activity of all samples to scavenge H,O, was calculated using the following equation:
Scavenging effect (%) = (1 — Abs of sample 230 nm/Abs of control 230 nm) x 100.

2.12.5 Ferrous ion chelating activity

The chelating effect of the extracts was determined according to the method of Decker
and Welch (1990) which is based on the inhibition of the formation of Fe?*-ferrozine complex
after treatment of samples with Fe?* ions. Briefly, 250 pl of test material or EDTA at different
concentration were added to 50 pl of FeCl, (0.6 mM in distilled water) and 450 pl of
methanol. After 5 min of incubation, the reaction was initiated by the addition of 5 mM
ferrozine (50 pl), the mixture was stirred and allowed to react at room temperature for 10 min.
The control contained all the reaction reagents except the extract and EDTA. The absorbance
of the Fe**-ferrozine complex was measured at 562 nm. The chelating activity was expressed

as a percentage using the following equation:
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Chelating activity (%) = [(Abs of control — Abs of test sample)/Abs of control] x100.

To determine the 1Csq values, a dose response curve was plotted. IC 5 is defined as the
effective concentration of the test material that is required to chelate 50% of iron ions.

2.12.6 Reducing power

The reducing powers of the extracts from M. communis L. and BHT were determined
according to the method described by Chung et al. (2005). A 0.1 ml aliquot of each extract
BHT were mixed with an equal volume of 0.2 M phosphate buffer (pH 6.6) and 1% potassium
ferricyanide, and then incubated at 50 °C for 20 min. 0.25 ml of 1% trichloroacetic acid was
added to the mixture to stop the reaction, and then the mixture was centrifuged at 2790 g for
10 min. The supernatant (0.25 ml) was mixed with 0.25 ml distilled water and 0.1% FeCI3
(0.5 ml) and then the absorbance was measured at 700 nm. The reducing powers of the tested

samples increased with the absorbance values.

2.12.7 Antioxidant activity determined by p-carotene bleaching method

This assay is based on the capacity of antioxidant molecules to inhibit B-carotene
oxidative degradation that is caused by oxidative compounds of linoleic acid according to the
method of Kartal et al. (2007). p-carotene/linoleic acid emulsion was prepared by mixing 0.5
mg of 3-carotene in 1 ml of chloroform, 25 ul of linoleic acid and 200 mg of Tween 40.
Chloroform was was completly evaporated 40 °C using a vacuum evaporator. Then 100 ml of
oxygenated distilled water was added with vigorous shaking. To an aliquot of 2.5 ml of this
emulsion, 350 pl of M. communis or the reference antioxidant (BHT) were added and well
mixed. The absorbance was recorded after 0, 1, 2, 4, 6 and 24 hours at 490 nm. A negative
control consisted of 2.5 ml distilled water or solvent instead of extract or reference
antioxidant. All samples were assayed in triplicate. The antioxidant activity (AA) was
measured in terms of successful bleaching of B-carotene by using the following equation:

Ag—A

0_ 40
Ag—At

AA=[1 — 1% 100

Where, A, and A9 were the absorbance values measured at zero time of the incubation

for test sample and control, respectively. A; and A? were the absorbance values measured in

the test sample and control, respectively after incubation for 24 hours.
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2.12.8 Ferric thiocyanate (FTC) assay

The FTC method was used to determine the amount of peroxide at the initial stage of
lipid peroxidation using the method descibed by Yen et al. (2003) with slight modifications.
Linoleic acid emulsion (0.02 M) was prepared with linoleic acid (155 pL) and Tween 20 (155
uL) in phosphate buffer (50 ml, 0.02 M, pH 7.4). A reaction solution, containing extracts with
different concentrations (0.5 ml), linoleic acid emulsion (2.5 ml), and phosphate buffer (2 ml,
0.02 M, pH 7.0) was placed in a glass vial with a screw cap and mixed with a vortex mixer.
The reaction mixture was incubated at 40°C in the dark. To 0.1 ml of reaction mixture, 4.7 ml
of 75% ethanol and 0.1 ml of 30% ammonium thiocyanate were added. Exactly, 3 min after
the addition of 0.1 ml of 0.02 M FeCl; in 3.5% HCI, the peroxide value was determined by
recording the absorbance at 500 nm every 24 hours until the absorbance of the control reached
a maximum. The positive and negative controls were subjected to the same procedures as the
sample, except for the negative control, in which only the solvent was added, and for the
positive control in which the sample was replaced with BHT and Vitamin C. The inhibition

percentage of linoleic acid peroxidation was calculated as:
Inhibition% = (1 — Absorbance of sample at 500 nm/Absorbance of control at 500 nm) x 100.

2.12.9 Thiobarbituric acid (TBA) assay

The TBA test was conducted on the final day of FTC according to the method
described by Kikuzaki and Nakatani (1993) to determine the malonaldehyde (MDA)
formation from linoleic acid peroxidation. The same sample preparation method as described
in the FTC method was used. To 1 ml of sample solution, 20% trichloroacetic acid (2 ml) and
thiobarbituric acid solution (2 ml) were added. The mixture was placed in a boiling water bath
for 10 minutes. After cooling, it was then centrifuged at 3000 rpm for 20 minutes. Absorbance
of the supernatant was measured at 532 nm. Antioxidant activity was recorded based on the

absorbance of the final day of the FTC assay using the following equation:
% inhibition = 100 — [(Abs sample /Abs control) x 100],

Where Abs control and Abs sample are the absorbances of the control (without sample) and

the experimental (with sample) reactions, respectively.
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2.13 Gastric emptying and small intestine transit measurements

A test meal made up of 0.1% phenol red (a non-absorbable and easily detectable
marker dissolved in 1.5% carboxymethyl cellulose (CMC) was used in this study. Gastric
emptying was measured according to the method described by Amira et al. (2005) with slight
modifications. After 18-20 h of fasting, mice (n=6) were orally pretreated with ME, CHE,
EAE or EO (50, 250 and 500 mg/kg) and atropine 1 mg/kg as positive control. After one hour
of the treatment, each animal received orally 0.2 ml of the test meal and were sacrificed 20
min later. Under a laparatomy, the stomach and the small intestine were excised after ligation
of the pylorus and the cardia. The stomach was homogenized with its contents in 25 ml 0.1 N
NaOH. The homogenate was allowed to settle for 1 h at room temperature and 8 ml of the
supernatant were added to 1 ml of 33% trichloroacetic acid to precipitate proteins. After
centrifugation (1600 g for 30 min), 2 ml of 2N NaOH were added to the supernatant. The
mixture was homogenized and its absorbance (abs) was read at 560 nm. On the day of each
experiment, 4 animals were sacrificed just after the administration of the test meal and were
considered as standards (0% of emptying). The gastric emptying (GE) rate in the 20-min

period was calculated according to the following formula:
GE (%) = (AbS control = ADS test/ AbS control) *100.

Immediately after the excision of the stomach of the same mice used for gastric
emptying model, the whole small intestine was removed for the evaluation of the intestinal
transit). The intestine was grossly freed from its mesenteric attachments and its length was
measured using a ruler. The intestine was opened at the level of the front of the test meal,
which was then exactly localized by a drop of 0.1 N NaOH. The rate of intestinal transit was
expressed as the ratio between the distance travelled by the test meal and the total length of

the small intestine.

2.14 Evaluation of the antidirrhoeal activity

The method described by Awe et al (2011) using castor oil as a method with small
modifications (Figure 17) was followed for this investigation. Mice randomly divided into

groups of 6 mice each were treated orally as outlined below:

Group 1: CMC (1.5%), negative control.
Group 2: Loperamide hydrochloride (5 mg/kg), positive control
Group 3: ME 50 mg/kg, Group 4: ME 250 mg/kg, Group 5: ME 500 mg/Kkg.
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Group 6: CHE 5o mg/kg, Group 7: CHE 250 mg/kg, Group 8: CHE 500 mg/kg.

Group 9: EAE 5o mg/kg, Group 10: EAE 250 mg/kg, Group 11: EAE 500 mg/kg.

Group 12: EO 5o mg/kg, Group 13: EO 250 mg/kg, Group 14: EO 500 mg/kg.

One hour after the oral respective treatments (5 ml/kg), acute diarrhoea was induced by oral

administration of castor oil (10 ml/kg)

Following the delivery of castor oil, the animals were placed in separate cages over
clean white paper that was replaced every hour and inspected for 4 hours for the presence of
the typical signs of diarrhoea. The time elapsed between the administration of the cathartic
agent (castor oil), and the excretion of the first diarrhoetic faeces and the total number of wet
faeces excreted by the animals in 4 hours were recorded. The percentage of defecation

inhibition score was calculated as follows:

[Mean number of wet defecation (control—test)]

X100

% inhibition of diarrhoea =
Mean wet defecation of control

‘ Magnesium Sulphate ‘

b
‘ CCK from duodenal ulcer ‘
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l l k4
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Figure 17: Mechanisms of castor oil-induced diarrhoea (adapted from Kaur et al., 2014).
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2.15 Intestinal fluid accumulation (Enteropooling test)

The effect of M. communis L. extracts on castor oil-induced fluid secretion in intestine
was studied according to the method described by Awe et al. (2011). Animals were randomly
divided into 14 groups of six mice per group. Each mouse in each group was subsequently
separately placed in a cage. Group 1 mice were treated with CMC (1.5%) as negative control.
Group 2 received 5 mg/kg loperamide (positive control). Groups 3, 4 and 5 were treated with
ME at doses 50; 250 and 500 mg/kg. Groups 6, 7 and 8 received 50, 250 and 500 mg/kg of
CHE extract. Groups 9, 10 and 11 received 50, 250 and 500 mg/kg of EAE extract Groups 12,
13 and 14 were treated with EO at doses 20, 250 and 500 mg/kg. Drugs were suspended in
CMC and administered orally (5 ml/kg). One hour later, all mice received castor oil (10
ml/kg). The animals were sacrificed 30 min afterwards and the whole length of the small
intestine was legated from the pylorus to the caecum. The weight of the full intestine was
determined. The contents of the intestine were then expelled into a graduated measuring
cylinder and its volume was determined. The weight of the empty intestine was taken, and the
difference between the full and empty intestine was calculated. Percentage reduction of the

intestinal secretion (volume) was calculated.

2.16 Trinitrobenzene sulphonic acid (TNBS) model of rat colitis

This study was carried out in accordance with the ‘Guidefor the Care and Use of
Laboratory Animals’as promulgated by the National Institute of Health. Female Wistar rats
(180-200 g) obtained from Janvier (St Berthevin Cedex, France) were housed in makrolon
cages and maintained in an air-conditionned atmosphere with a 12 h light-dark cycle, and
were provided with free access to tap water and food. The rats were randomly distributed in 5
experimental groups (6 rats per group): a non-colitic group and 4 TNBS colitic groups

including an untreated group, and three that received M. communis L. extract (25, 50 and 100

mg/kg).
2.16.1 Induction of colitis

The evaluation of anticolitic activity was performed in the Department of
Pharmacology, Granada University, Spain. This work was conducted based on the anti-

inflammatory activity of Myrtus communis L. berries methanolic extract (Amira et al., 2012).

Colitis was induced by the method described by Morris et al. (1989) with slight

modifications. Animals were fasted overnight and anaesthetized with halothane. Under light
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anaesthesia, they were given 10 mg of TNBS dissolved in 0.25 ml 50% EtOH by means of a
Teflon cannula inserted 8 cm through the anus. During and after TNBS administration, the
rats were kept in a head-down position until they recovered from the anaesthetic and were
then returned to their cages. Rats from the non-colitic (normal) group received
intracolonically 0.25 ml of phosphate buffered saline instead of TNBS solution. Plant extracts
were administered from the day of the colitis induction until the day before of the sacrifice of

the rats, which took place seven days after the induction of the colonic damage.

2.16.2 Assessment of colonic damage

The animals were killed with an overdose of halothane, the colonic segments were
obtained after laparotomy and the eventual occurrence of adhesions between the colon and
adjacent organs was noted. They were placed on an ice-cold plate, cleaned of fat and
mesentery and blotted on filter paper, and then they were longitudinally opened and cleaned
from their luminal contents with cold saline. Afterwards, the colonic segment was weighed
and its length measured. Each colon was scored for macroscopically visible damage on a 0-10
scale by two observers unaware of the treatment, according to the criteria described by Bell et
al. (1995) (Table 1). The colon was subsequently minced, aliquoted and kept frozen at -80 °C
until biochemical determinations and RNA extraction was performed.
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Table 1: Criteria for assessment of macroscopic colonic damage (Bell et al., 1995).

Score Criteria

0 No damage

1 Hyperemia, no ulcers

2 Linear ulcer with no significant inflammation

3 Linear ulcer with inflammation at one site

4 Two or more sites of ulceration/inflammation

5 Two or more major sites of ulceration and inflammation or one site of
ulceration/inflammation extending >1 cm along the length of the
colon

6.10 If damage covers > 2 cm of the length of the colon, the score
increased by 1 for each additional centimeter of involvement.

2.16.3 Myeloperoxidase (MPO) activity

Myeloperoxidase (MPO) activity was analysed in colon tissue samples to evaluate
neutrophil accumulation according to the method described by krawisz et al. (1984). Briefly,
weighed colon strips stored at -80°C were thawed, homogenized in in a 0.5% hexadecyl
trimethyl ammonium bromide (HTAB) in 50 mM phosphate buffer (pH 6.0) (HTAB at a
dilution of 1:20 (w/v) in ratio 1 ml per 50 mg tissue). HTAB buffer, functioning as detergent,
facilitates the release of the enzyme myeloperoxidase from the intracellular granules of
neutrophils, where it is stored. The samples are subjected to three freeze-thaw prosses, which
also contributes to the release of the enzyme, since it causes the rupture of celluler structures.
The samples were then centrifuged for 10 minutes at 10,000 rpm at 4 °C. An aliquot of the
supernatant was allowed to react with the chromogen (O-dianisidine dihydrochloride) in the
presence of potassium phosphate buffer (monobasic potassium buffer, dibasic potassium
phosphate buffer, and 1% H,0,). The absorbance was measured immediately by
spectrophotometry at 450 nm. Different dilutions of human MPO enzyme of known
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concentration were used to obtain a standard curve. The results were expressed as MPO units
per gram of wet tissue; one unit of MPO activity was defined as that degrading 1 pmol
hydrogen peroxide/minute at 25 °C.

2.16.4 Total glutathione (GSH) content estimation

The total glutathione content from colonic tissue was determined using the recycling
assay desribed by Anderson et al. (1985) based on the prinaple that GSH can be measured by
an enzymatic recycling procedure in which it is sequentially oxidised by DTNB and reduced
by NADPH in the presence of glutathione reductase. Samples were thawed, minced, diluted
1:20 (w/v) in ice-cold 5% (wi/Vv) trichloroacetic acid and homogenised. The homogenates were
centrifuged at 2000xg for 5 min at 4 °C, then the supernatants were centrifuged at 9000xg for

other 5 min and the obtained supernatants were used to quantify GSH levels.

A stock buffer of 143 mM sodium phosphate and 6.3 mM sodium-EDTA (pH 7.5) was
made up in distlle water, and used to prepare separate solutions of 0.3 MM NADPH, 6 mM
DTNB and 66.6 Ul/ml GSH reductase. Using 96 wells microplate, an aliquot (20 ul) of the
colon supernatant was allowed to react with 15 pl of PBS-EDTA-Na, 20 pl of DTNB and 140
ul of NADPH. After incubation of the microplate at 30 °C for 5 minutes, 15 pl of glutathione
reductase was added and the absorbance was read spectrophotometrically at 412 nm and
compared with glutathione standard. The activity of GSH was expressed as nmol/g wet tissue.

2.16.5 Analysis of gene expression in colonic samples by RT-gPCR

Total RNA from colonic samples was isolated using Trizol® following the
manufacturer’sprotocol. All RNA samples were quantified with the Thermo Scientific Nano
Drop™ 2000 Spectrophotometer and 2 pg of RNA were reverse transcribed using oligo (dT)
primers (Promega, Southampton, UK). Real time quantitative PCR amplification and
detection was performed on optical-grade 48 well plates in Eco™ Real Time PCR System
(Ilumina, CA, USA) with 20 ng of cDNA, the KAPA SYBR® FAST gPCR Master Mix
(IMlumina, CA, USA) and specific primers at their annealing temperature (Ta) (Table 2). To
normalize mRNA expression, the expression of the housekeeping gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was measured. The mRNA relative quantitation was
calculated using the AA Ct method.
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Table 2: Primer sequences used in real-time PCR assays in rat colonic tissue

Gene Sequence (5'- 3") Annealing T (°C)

IL-1p4 FW -TGATGAGAATGACCTCTTCT 59
RV -CTTCTTCAAAGATGAAGGAAA

TNFa FW-AACTAGTGGTGCCAGCCGAT 57
RV -CTTCACAGAGCAATGACTCC

IL-17 FW -CCTGGGTGAGCCGACAGAAGC 60
RV -CCACTCCTGGAACCTAAGCAC

INOS FW -GTTGAAGACTGAGACTCTGG 60
RV -GACTAGGCTACTCCGTGGA

ICAM-1 FW -GAGGAGGTGAATGTATAAGTTATG 60
RV -GGATGTGGAGGAGCAGAG

CINC-1 FW: CCGAAGTCATAGCCACACTCAAG 60
RV: TCACCAGACAGACGCCATCG

TFF-3  FW: ATGGAGACCAGAGCCTTCTG 60
RV: ACAGCCTTGTGCTGACTGTA

MUC-2 FW -GCAGTCCTCAGTGGCACCTC 60
RV -CACCGTGGGGCTACTGGAGAG

GADPH FW -CCATCACCATCTTCCAGGAG 60
RV -CCTGCTTCACCACCTTCTTG

2.16.6 Nitrite determination assay

*RAW 264.7 Cell Culture

The murine macrophage cell line RAW 264.7 was purchased from the Cell Culture
Unit of the University of Granada (Granada, Spain)) and cultured in plastic bottles in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine serum (FBS),
100 U/mL penicillin and 100 mg/L streptomycin and 2 mM L-Glutamine, in a humidified 5%
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CO2 atmosphere and 95% air at 37 °C. When cultures formed a confluent monolayer, cells
were scrapped and put to adhere in 96 wells plate with DMEM at a density of 2 x 10° cell/ml
(Raschke et al., 1978).

**Nitrite determination

RAW 264.7 cells previously cultered (as described above) were seeded onto 96-well
plates. The cells were pre-incubated with or without the plant extract treatment in various
concentrations (12.5, 25, 50, 100 and 200 pg/mL) for 24 hours followed by an additional 24-
hour incubation with LPS (Sigma, Escherichia coli 0111:B4) (100 ng/mL). After 24 hours, the
supernatants were collected and nitrite release were determined by mixing 100 ul of culture
supernatant with an equal volume of Griess reagents (0.1% N-naphthyl) ethylenediamine
solution and 1% sulphanilamide in 5% (v/v) phosphoric solution) (Green et al., 1982).
Briefly, equal volume of cell-free culture medium (100 pl) was reacted with Griess reagent
(100 pl) and the absorbance at 550 nm was measured. Results are expressed as M of nitrite

calculated in comparison with the sodium nitrite (Na NO,) standard curve.

2.17 Statistical data analysis

Results were expressed as means + standard error of mean (SEM). Comparison
between treatment groups were performed by one way analysis of variance (ANOVA)
followed by Tukey's test. Student's t-test was used were necessery The P Values of P < 0.05
were considered significantly different using Graph Pad Prism Version 6.0 (GraphPad
Software, Inc, La Jolla, CA, USA).
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1.1 MLEO chemical composition

Table 3: MLEO constituents

1 Pharmacological effects of Myrtus communis L. leaves essential oil
(MLEO)

Constituents LRI Percentage (%0)
(E)-3-Hexen-1-ol 854 Tr
Isopentyl acetate 876 Tr
Propyl butyrate 896 0.3
a-Thujene 931 0.4
a-Pinene 939 54.1
Camphene 954 Tr
Thuja-2,4(10)-diene 958 Tr
Sabinene 977 Tr
S-Pinene 980 0.6
Myrcene 991 0.2
a-Phellandrene 1005 Tr
0-3-Carene 1011 04
Propanoic acid 2-methyl-pentyl | 1012 0.3
ester

p-Cymene 1026 0.7
Limonene 1031 2.0
1,8-Cineole 1034 26.5
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The essential oil volatile compounds, the linear retention index and their percentage
are listed in table 3. Beside traces, 30 constituents were identified in MLEO and represented
99.8% of the total essential oil of the plant. The essential oil was characterized by a high
percentage of monoterpene hydrocarbons (58.8 %) followed by oxygenated monoterpenes
(35.6%), phenylpropanoids (1.8%) and non-terpene derivatives (1.5%). Sesquiterpene
hydrocarbons and oxygenated sesquiterpene were found in smaller proportions (0.7 and 0.4%)
(Table3). The major components identified were a-pinene (54.1%), 1.8-cineole (26.5%),

linalool (2.4%), o-terpineol and geranyl acetate (2.3%), limonene (2%) and methyl eugenol
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(E)-p-Ocimene 1051 0.5
y-Terpinene 1062 0.4
Terpinolene 1089 0.5
Linalool 1099 24
Isopentyl isovalerate 1104 0.9
Exo-fenchol 1117 Tr
cis-p-Menth-2-en-1-ol 1122 Tr
a-Campholenal 1126 Tr
cis-p-Mentha-2,8-dien-1-ol 1138 Tr
trans-Pinocarveol 1140 0.2
cis-verbenol 1141 0.1
trans-Pinocamphone 1161 Tr
Pinocarvone 1164 Tr
o-Terpineol 1170 Tr
4-Terpineol 1178 0.4
p-Cymene-8-ol 1184 Tr
trans-p-Mentha-1(7),8-dien-2-ol | 1190 Tr
a-Terpineol 1192 2.3
Myrtenol 1194 Tr
Estragole 1196 0.4
Verbenone 1205 Tr
trans-Carveol 1218 Tr
3-Methyl-3-hexen-1-yl butanoate | 1237 Tr
Geraniol 1256 0.6
Linalyl acetate 1258 0.4
Geranial 1272 Tr
Isobornyl acetate 1286 Tr
trans-Pinocarvyl acetate 1296 Tr
a-Terpinyl acetate 1350 0.4
a-Copaene 1376 Tr
Geranyl acetate 1384 2.3
p-Elemene 1391 Tr
Methyl eugenol 1401 1.4
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S-Caryophyllene 1418 04
a-Humulene 1455 0.2
S-Chamigrene 1475 Tr
S-Selinene 1485 Tr
a-Selinene 1494 0.1
Germacrene A 1503 Tr
[-Bisabolene 1509 Tr
Lavandulyl isovalerate 1511 Tr
Germacrene B 1556 Tr
Spathulenol 1576 Tr
Caryophyllene oxide 1581 0.2
Geranyl 2-methyl-butyrate 1606 Tr
Humulene oxide I 1608 Tr
Caryophylla-4(14),8(15)-dien-5- | 1636 Tr
ol

Selin-11-en-4-o-ol 1653 0.2
Monoterpene hydrocarbons 58.8
Oxygenated monoterpenes 35.6
Sesquiterpene hydrocarbons 0.7
Oxygenated sesquiterpenes 0.4
Phenylpropanoids 1.8
Non-terpene derivatives 1.5
Total identified 99.8

tr: Trace amounts
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1.2 Acute oral toxicity

In acute toxicity test, no mortality was observed at the test dose (2000 mg/kg) within
the 14 days of observation and none of the animals showed any behavioral, neurological or

physical changes.

1.3 Effect of MLEO on macroscopic and histopathological examination

The assay revealed a significant effect of ethanol on gastric tissue and the results are
shown in Figures 18 and 19. The animals that received 70% ethanol developed a consistent
macroscopic damage which was evidenced by a loss of normal colour and mucus along with
the presence of petechiae, haemorrhage and oedema. This damage is attenuated by the
administration of MLEO at different degrees (Figure 18). Pre-treatment of rats with MLEO at
the doses employed (50, 250 and 500 mg/kg) ameliorated injuries caused by ethanol at
different degrees (Figures 18). These results were demonstrated by the histopathological
analysis. There is less evidence of hemorrhage lesions, less infiltration and oedema in the
gastric mucosa of rats treated with MLEO at the dose of 50 mg/kg. The animals which
received MLEO at the highest doses (250 and 500 mg/kg) were completely protected against
the ethanol action, preserving all histological aspects when compared to control animal group
(Figure 19).
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Figure 18: Effect of MLEO on the macroscopic appearance of the gastric mucosa in ethanol-induced gastric
mucosal lesions in rats. (1) Normal control group. (2) Ethanol ulcer control group. (3) The group pre-treated

with ranitidine (5mg/kg). (4, 5, 6): MLEO (50, 250 and 500 mg/kg, respectively). MLEO: Myrtus communis

L. leaves essential oil.
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Figure 19: Histological evaluations for the protective effect of graded doses of MLEO 50, 250 and 500

mg/kg) on ethanol-induced gastric damage in rat stomach tissues (H&E staining; magnification
100x).(1): Section of gastric mucosa obtained from normal rats, (2): Section of gastric mucosa obtained
from 70 % ethanol-induced rats,(3): Section of gastric mucosa obtained from standard drug pre-treated
by ranitidine 5 mg/kg, p.o. and (4, 5 and 6): Sections of gastric mucosa obtained from MLEO pre-
treated doses at 50, 250 and 500 mg/kg, respectively. Red arrow: surface epithlium damage; Black
arrows: inflammatory infiltrate composed of polynuclear eosinophyles; MLEO: Myrtus communis L.

leaves essential oil.
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1.4 Effect of MLEO on ethanol-induced gastric ulcer in rats

Acute oral exposure of rats to ethanol caused mucosal oedema and congestion along
with inflammatory process characterized by neutrophils infiltration in the stomach (Figure
20). Post-treatment with MLEO (50, 250 and 500 mg/kg) ameliorated injuries caused by
ethanol. Compared with the vehicle treated animals (CMC 1.5%), the highest doses of MLEO
(250 and 500 mg/kg) significantly (P < 0.0001) increased the ulcer gastric protection,
whereas, the dose (50 mg/kg) did not show any significant difference versus the vehicle
treated animals. The highest doses (250 and 500 mg/kg) of MLEO showed higher significant
protection (96.98 and 100%, respectively) than the positive control (53.17 %).
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Figure 20: Effect of MLEO on gastric ulcer protection in rats. MLEO: Myrtus communis L.
leaves essential oil. The values of the bars chart are expressed as means + SEM (n=6). (****P
< 0.0001; ns: not significant) vs vehicle (CMC 1.5% p.o.). (°P < 0.0001 vs positive control
group (Ranitidine 5 mg/kg p.o.). (“P < 0.0001) vs MLEO 2; "P < 0.0001) vs MLEO sg
mg/kg).
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1.5 Effect of MLEO on determination of gastric mucus content

The effects of MLEO on gastric mucus content are shown in figure 21. Compared with
the vehicle treated animals (CMC 1.5%), MLEO significantly (P < 0.05- P < 0.0001)
increased the gastric mucus content at the higher doses (250 and 500 mg/kg). At the highest
dose (500 mg/kg), MLEO showed higher effect than the positive control.
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Figure 21: Effect of MLEO on gastric mucus content in rats. MLEO: Myrtus communis L.
leaves essential oil. The values of the bars chart are expressed as means + SEM (n=6). (****P
< 0.0001; ns: not significant) vs vehicle (CMC 1.5% p.o.). (°P < 0.0001 ; °P < 0.001; °P >
0.05) vs positive control group (Ranitidine 5 mg/kg P.O.). (*P <0.0001) vs EO 500 mg/kg).
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1.6 Invivo antioxidant activities of MLEO in rat stomach

1.6.1 Effect of MLEO on total proteins level

Treatment with MLEO resulted in significant increase of total gastric protein level at
the higher doses (250 and 500 mg/kg). All doses of MLEO showed similar effects (P > 0.05)

as ranitidine as positive control (Figure 22).
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Figure 22: Effect of MLEO on total protein level in rat stomach tissue. MLEO: Myrtus

communis L. leaves essential oil. The values of the bars chart are expressed as means £ SEM
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(n=6). (**P < 0.01; ns: not significant) vs vehicle (CMC 1.5% p.0.). (°P > 0.05) vs positive
control group (Ranitidine 5 mg/kg p.o.).

1.6.2 Effect of MLEO on catalase activity

Treatment of rats with MLEO exhibited increased activity of catalase. This increase
reached statistically significant difference (P < 0.05) at the highest dose (500 mg/kg). At this
dose, the value of catalase activity was 2.55 + 0.59, a value higher than the ranitidine as

positive control (2.05 £ 0.45)(Figure 23).
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Figure 23: Effect of MLEO on catalase activity in rat stomach tissue. MLEO: Myrtus
communis L. leaves essential oil. The values of the bars chart are expressed as means + SEM
(n=6). (*P < 0.05; ns: not significant) vs vehicle (CMC 1.5% p.0.). °P > 0.05) vs positive
control group (Ranitidine 5 mg/kg P.O.).
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1.6.3 Effect of MLEO on GSH level

Treatment of rats with MLEO showed significant increase of GSH level at the doses of
250 and 500 mg/kg. At these doses, GSH level was 9.02 £ 2.6 and 14.85 + 2.25 mmol/g
tissues respectively, compared with the vehicle animal group (6.24 + 1.66). The highest dose
showed higher and significant values (****P < 0.0001) than ranitidine as a positive control
(8.79 £ 1.31) (Figure 24).
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Figure 24: Effect of MLEO on GSH level in rat stomach tissue. MLEO: Myrtus communis L.
leaves essential oil. The values of the bars chart are expressed as means + SEM (n=6). (*P <
0.05; (****P < 0.0001; ns: not significant) vs vehicle (CMC 1.5% p.o.). (°P < 0.0001; °P >
0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

1.6.4 Effect of MLEO on lipid peroxidation

Lipid peroxidation and hence MDA gastric content was markedly elevated following
ethanol administration in normal rats (34.75 + 5.8). However, MLEO dose dependently and
significantly attenuated the damage induced by ethanol at the highest doses 250 mg/kg and
500 mg/kg (*P < 0.05 and ***P < 0.001, respectively). At these doses, MLEO lowered the
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amount of MDA to values (25.72 + 5.19 and 20.51 + 6.12) which were higher than that of
ranitidine as positive control (11.16 £ 6.19) (Figure 25).
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Figure 25: Effect of MLEO on MDA level in gastric tissues of rats. MLEO: Myrtus
communis L. leaves essential oil. The values of the bars chart are expressed as means + SEM
(n=6). (****P < 0.0001; ***P < 0.001; *P < 0.05; ns: not significant) vs vehicle (CMC 1.5%
p.0.). (P < 0.0001; "P < 0.001; P < 0.05) vs positive control group (Ranitidine 5 mg/kg
P.0O.).

165  Effect of MLEO on superoxide dismutase (SOD) activity

Statistical analysis revealed a significant decrease (P < 0.0001) in  SOD activity in
gastric tissue after ethanol administration. Oral treatment with MLEO significantly (P <
0.0001) and dose dependently inhibited the pyrogallol autoxidation when compared to control
vehicle treated animals. All MLEO doses were close (not significant) to ranitidine. At the
highest dose, the inhibition capacity of MLEO was higher (76.71 + 1.22) than the Positive
control (67.55 £ 1.79) (Figure 26).
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Figure 26: Effect of MLEO on SOD activity in gastric tissues of rats. MLEO: Myrtus
communis L. leaves essential oil. The values of the bars chart are expressed as means + SEM
(n=6), (****P < 0.0001) vs vehicle (CMC 1.5% p.0.); (°P > 0.05) vs positive control group
(Ranitidine 5 mg/kg P.O.).

1.7 Invitro antioxidant activities of MLEO

Different in vitro antioxidant assays were performed for MLEO: ABTS, DPPH,
reducing power, [3-carotene bleaching assay, FTC and TBA. The results are shown in (Table

4). Lower ICsq values indicated higher antioxidant activity.

The ability of MLEO to scavenge the radical ABTS is shown in table 4. MLEO
showed a significant difference (P < 0.0001) with an IC 5o of 0.36 mg/ml when compared to
the standard trolox (IC 5o = 0.0031 mg/ml).

The scavenging ability of essential oil was expressed as IC s, value (the concentration
of substrate that causes 50 % loss of DPPH activity). Low IC s, values indicate strong ability
of the extracts to act as DPPH scavenger. MLEO showed a significant difference (P <0.0001)
with IC 50 of 0.74 + 0.012 mg/ml when compared to the standard Vit C (IC 5, = 0.003
mg/ml)(Table 4).

From the results in (Table 4), it is deduced that the reducing power (the effective
concentration at which the absorbance was 0.5) of the MLEO was weak (IC 5o = 0.7 £ 0.05
mg/ml) compared to the standard BHT (EC 50 = 0.074 £ 00 mg/ml).
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Table 4 shows the effect of MLEO on the changes in the percentage of the inhibition
ratio of linoleic acid oxidation compared to BHT as positive control during 24 h. The addition
of MLEO at 2 mg showed weak activity (39.07£1.35) in inhibiting the oxidation of linoleic
acid and subsequent bleaching of B-carotene, in comparison with BHT (94.9+1.52) as positive

control.

As shown in table 4, MLEO had a moderate antioxidant potential with percent
inhibition of 52.63% as compared with BHT (90.56%) as positive control.

As shown in table 4, MLEO had considerably inhibited of MDA formation (55.12 +
0.09) when compared with BHT (96.51 £ 1.7) as positive control.

Chelating ability assay was also performed in the present study to evaluate the
antioxidant activity of essential oil from myrtle leaves MLEO. The essential oil showed no
metal chelating activity. The absence of chelating activity in MLEO could be due to richness

in monohydroxylated compounds such as 1,8-cineole which are unable to chelate ferrous ions.

Table 4: In vitro antioxidant activities of MLEO and standards: Trolox, Vit C and BHT.

Extract ABTS DPPH Reducing Power p-Carotene FTC TBA Chelating

ablity ICsg
1Cso (Mg/ml) 1Cso (Mg/ml) ECso (mg/ml) Inhibition (%) Inhibition (%) Inhibition (mg/ml)
(%)

MLEO 0.36+0""" 0.74+0.012" |  0.7£0.05™"" 39.07+1.35"" 52.6+1.67 | 55.12+0.09" /

Trolox 0.0031+00 / / / / /

Vit C / 0.003+00 / / / /

BHT / / 0.074+00 94.9£1.5 90.56+1.7 96.51+0.29

EDTA 0.02

79




Results

Data were presented IC 5o or Inhibition percent means £ SD. P < 0.0005 vs Trolox, Vit C or
BHT.

1.8 Effect of MLEO on gastric emptying in mice

As shown in figure 27, at the lowest doses (50 and 250 mg/kg), MLEO did not show any
significant decrease in gastric emptying compared to the vehicle treated animals. However,
the highest dose (500 mg/kg) showed a very significant (P < 0.001) effect. The tested doses
did not show any significant difference (P < 0.05) against the positive control.
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Figure 27: Effect of MLEO on gastric emptying in mice. MLEO: Myrtus communis L.
leaves essential oil. The values of the bars chart are expressed as means £ SEM (n=6). (***P
< 0.001; ns: no significant difference) vs vehicle treated group (CMC 1.5% p.0.); °P >0.05
vs Atropine (Img/kg i.p.).

1.9 Effect of MLEO on intestinal transit in mice

The effect of MLEO on intestinal transit is shown in figure 28. Compared with the
vehicle treated animals, the MLEO dose dependently and significantly (*P < 0.05, ***P <
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0.001) decreased the propulsive movement and transit of red phenol through the small
intestine. The intestinal transit decreased from 59.67 + 2.3 as shown in control group to 43.97
+ 1.85 at the highest dose (500 mg/kg).
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Figure 28: Effect of MLEO on intestinal transit in mice. MLEO: Myrtus communis L. leaves
essential oil. The values of the bars chart are expressed as means + SEM (n=6). (*P < 0.05;
**pP < 0.01, ***P < 0.001, ****P < 0.0001) vs negative control group (CMC 1.5% p.o.),
°P < 0.001,°P >0.05 vs positive control (Atropine, 1 mg/kg i.p.).

1.10 Effect of MLEO on castor oil-induced diarrhoea in mice

Within the observation period of 4 hours, after castor oil administration, all mice in
control group (CMC 1.5%) produced copious diarrhoea. Pretreatment of mice with MLEO
(50, 250 and 500 mg/kg) caused a dose dependent and significant (P < 0.0001) delay of onset
of diarrhoea. At the highest dose (500 mg/kg) the onset time increased from 59.29+5.54 in the
control group to 164.28+3.52 %, a value less than the positive control drug loperamide

(214.38£8.7). In addition, the total number of stool and the total number of wet stool were
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significantly and dose dependently reduced. Furthermore, the computed inhibition of
defecation increased in a dose dependent manner (with the most remarkable percentage of
inhibition at the highest dose (68.86+3.7). At the later dose, no statistical difference was
observed versus the positive control, implying that MLEO produced close effect to the

positive control group (Table 5).

Table 5: Effect of MLEO on castor oil-induced diarrhoea in mice.

Treatment Dose Onset Total number Number of wet Percentage Protection
Group (mg/kg)  of diarrhoea of stool stool of
or (min) wet stool 1% %
(ml/kg)
Vehicle 10 59.29 + 5.54 10.94 + 1.08 9.17 + 0.89 85.36+3.08 00
CMC 1.5%)
50 120.87+3.71""**  75+0.77"P 487404479 §7.0745.15 46.88+4.8"
MLEO 250 13043.2777"2 7.71+0.68"° 5+0.57" ¢ 64.81+4.22 50.96+3.72°
500 164.28+3.52""2 6+0.75 2.85+0.347"" 50.68+6.2" 68.86+3.7
Loperamide 5 214.38+8.73" 2.63+0.77 1.42+0.457 41.77+09.78""  81.59+5.14

Animals were pre-treated with various doses of MLEO (50, 250 and 500 mg/kg, p.o.), reference drug
(Loperamide, 5 mg/kg, p.o.) or vehicle (CMC 1.5%). One hour later, animals received castor oil (10 mg/kg p.o.).
MLEO: Myrtus communis L. leaves essential oil; CMC: carboxy methyl cellulose. *P < 0.05; **P < 0.01; ***P
< 0.001; ****P < 0.0001; vs negative control group (CMC). °P <0.05;°P <0.01;°P <0.001, P <0.0001 vs
positive control group. P < 0.01 vs MLEO g mg/kg. (One way ANOVA followed by Tukey's multiple

comparison tests.

1.11 Effect of MLEO on castor oil-induced intestinal fluid accumulation in mice

The effects of MLEO on castor oil-induced fluid accumulation are presented in Table
6. Pre-treatment of the test groups of mice with MLEO (50, 250 and 500 mg/kg, p.o.) dose
dependently and significantly inhibited the volume and the mass of intestinal content
compared to the vehicle treated group. At the highest dose (500 mg/kg), the volume and the
mass of intestinal content significantly (P < 0.0001) decreased from 0.72 + 0.04 and 0.86 +
0.1, respectively (as observed in control group) to 0.37 £ 0.034 and 0.37 £ 0.021, respectively.
Moreover, the inhibition % of mass intestinal content at the highest dose (500 mg/kg) showed
no statistical difference (P > 0.05) when compared to loperamide group, indicating that
MLEO produced similar effect as the positive control group (Table 6).
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Table 6: Effect of MLEO on castor oil-induced intestinal enteropooling in mice.

Treatment Dose Volume of Mass of Inhibition of Inhibition of
group (mg/kg) Intestinal fluid  intestinal fluid intestinal fluid intestinal mass
or (ml/kg)  (ml) (09) volume (ml) % (9) %
Vehicle 10 0.72+0.04° 0.86+0.1° 00 00
(CMCL1.5%)
50 0.48+0.037¢ 0.53+0.0287 ¢ 32.87+4.26° 38.04%3.3°
MLEO 250 0.46+0.04™"°  0.49+0.036" " 36.11+5.55" 42.71+4.26°
500 0.37£0.03477°  0.37£0.027°  47.91+4.74° 56.58+2.52°
Loperamide 5 0.41+0.03™"  0.3x0.0307"  40.97+4.29 61.98+2.76

Animals were pre-treated with various doses of MLEO (50, 250 and 500 mg/kg, p.o.), reference drug
(loperamide, 5 mg/kg, p.o.) or vehicle (CMC 1.5%). One hour later, animals received castor oil (10 mg/kg).
MLEO: Myrtus communis L. leaves essential oil; CMC: Carboxymethyl cellulose. ***P < 0.001, ****P <
0.0001 vs vehicule control group (CMC). °P > 0.05, °P < 0.01, "P < 0.001, P < 0.0001 vs positive control
group (Loperamide). (One way ANOVA followed by Tukey's multiple comparison tests).

2 Pharmacological effects of M. communis L. leaves extracts (MLE)

2.1 Total phenolics, flavonoids and tannins contents

The total phenolics, flavonoids and tannins contents among the different extracts of
MLE are presented in Table 7. The total phenolic content in terms of mg GAE/g of dry weight
of extract decreased in the following order: MLME > MLEE > MLCE, whereas the highest
total flavonoids were found in MLEE (38.4 + 0.9 mg QE/g DW) and tannins contents in
MLME (83.35 + 0.36 mg TAE/g DW).
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Table 7: Total phenolics, flavonoids and tannins contents of MLE

Extracts Total phenolics Total flavonoids Total tannins
(mg GAE/g Dw) (mg QE/g DW) (mg TAE/g DW)
MLME 149.25 +3.11 26.38 £ 0.13 83.35+0.36
MLCE 81.0+1.53 28.05+0.15 52.3+0.25
MLEE 101.88 +1.73 38.4+0.9 49.7 + 0.98

MLME: Myrtus communic leaves methanol extract, MLCE: Myrtus communic leaves chloroform extract,
MLEE: Myrtus communic leaves ethyl acetate extract, DW: Dry weight. Results are expressed as means + SEM
(n=3).

2.2 HPLC analysis

Based on the dry powdered plant material, the yield of MLME was 16 %. The data
(Table 8) show the presence of 3 compounds (1-5): Gallic acid, gentisic acid, 4-

hydroxybenzoic acid, ellagic acid and quercetin. For peaks identification, see table 8.
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Figure 29: HPLC representative chromatogram of MLME
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Table 8: HPLC analysis of MLME

Peak N° RT (min) Proposed Concentration Mass error Molecular
metabolite (mg/kg) (ppb) formula
1 2.15 Gallic acid 59.26 179.58 C7HeOs
2 4.4 Gentisic acid 5.88 17.81 C;H¢O,
3 6.42 4-hydroxy 5.43 16.45 C,Hs04
benzoic acid
4 9.8 Ellagic acid 33.48 101.47 C14HeOg
5 15.6 Quercetin 1.92 5.84 CisH1004

2.3 Acute oral toxicity of MLE

In acute toxicity test, no mortality was observed at the test doses for the following 14
days of observation and none of the animals showed any changes in behavioral, neurological
or physical activities at the doses of 2 and 5 g/kg.

2.4 Effect of MLE on macroscopic and histopathological appearance in rat gastric
mucosa

The animals that received 70% ethanol developed a consistent macroscopic damage
which was evidenced by a loss of normal colour along with the presence of petechiae,
haemorrhage and oedema. This damage is attenuated by the administration of the employed
doses of myrtus extracts at different degrees (Figure 30). Acute exposure of rats to 70%
ethanol depicted histopathological lesions leading to mucosal necrosis, congestion, erosion
and hemorrhage along with inflammatory process characterized by neutrophils infiltration,
thus altering the normal architecture of the stomach mucosa. Pre-treatment with MLE (50,
250 and 500 mg/kg) ameliorated injuries caused by ethanol at different degrees (Figures 31).
There is less evidence of hemorrhage lesions, less infiltration and oedema in the gastric
mucosa of rats treated with MLME and MLEE at the dose of 50 mg/kg and MLCE at the
doses of 50 and 250 mg/kg. The animals which received MLME and MLEE at the doses (250
and 500 mg/kg) and MLCE at the dose of 500 mg/kg were completely protected against the
ethanol action, preserving all histological aspects when compared to control animal group
(Figure 31).
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Figure 30: Effect of MLE on the macroscopic appearance of the gastric mucosa in ethanol-induced
gastric mucosal lesions in rats.

(1): No gastric ulceration was observed in normal control group. (2): Severe hemorrhagic lesions in
gastric mucosa were observed in ulcer control group. (3): The group pre-treated with ranitidine (5mg/kg)
showed moderate protection against ethanol-induced gastric lesions. (A1-3): MLME (50, 250 and 500
mg/kg, respectively). (B1-3): MLCE (50, 250 and 500 mg/kg, respectively). (C1-3): MLEE (50, 250 and
500 mg/kg, respectively). MLME: Myrtus communis leaves methanol extract, MLCE: Myrtus communis

leaves chloroform extract, MLEE: Myrtus communis leaves ethyl acetate extract.
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Figure 31: Histological evaluations for the protective effect of graded doses of MLE (50, 250 and 500
mg/kg) on ethanol-induced gastric damage in rat stomach tissues (H&E staining; magnification 100x and
400x) (1): Section of gastric mucosa obtained from normal rats, (2): Section of gastric mucosa obtained
from 70 % ethanol-induced rats, (3): Section of gastric mucosa obtained from standard drug pre-treated by
ranitidine 5 mg/kg, p.o. (B1-3): MLME (50, 250 and 500 mg/kg, respectively). (C1-3): MLCE (50, 250
and 500 mg/kg, respectively). (D1-3): MLEE (50, 250 and 500 mg/kg, respectively). MLME: Myrtus
communis leaves methanol extract, MLCE: Myrtus communis leaves chloroform extract, MLEE: Myrtus
communis leaves ethyl acetate extract. Red arrow: surface epithlium damage; Black arrow: inflammatory

infiltrate composed of polynuclear eosinophyles;
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2.5 Effect of MLE on ethanol-induced gastric ulcer in rats

Intragastric administration of ethanol (70%) to the control group of rats treated with
vehicle (CMC 1.5%) produced large bandlike hemorrhagic erosions in the glandular stomach.
Pre- treatment with MLME, MLCE and MLEA at the tested doses (50, 250 and 500 mg/kg,
p.0.) and ranitidine (5 mg/kg) offered different degrees of protection to the mucosa against all

such damages caused by ethanol (Figure 32).

Compared with the vehicle treated animals (CMC 1.5%), All tested doses of MLME
and MLCE extracts dose dependently and significantly (P < 0.0001) increased the ulcer
gastric protection. Whereas, the dose (50 mg/kg) of MLEE did not show any significant
difference versus the vehicle treated animals. However the highest doses (250 and 500 mg/kg)
had a highly significant effect (P < 0.0001). The highest dose of all extracts exhibited better
protection (P <0.0001) (100%) than the positive control (Ranitidine).
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Figure 32: Effect of MLE on gastric ulcer in rats. MLME: M. communis L. leaves methanol
extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L. leaves
ethyl acetate extract. The values of the bars chart are expressed as means + SEM (n=6).
(****P < 0.0001; ns: not significant) vs vehicle (CMC 1.5% p.o.). (°P > 0.05, P <0.001, °P
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<0.0001 vs positive control group (Ranitidine 5 mg/kg P.O.). (*P <0.0001) vs MLME 55, and
MLME s00 mg/kg). (*P < 0.0001) vs MLCE 50 and MLCE 500 mg/kg, (*P < 0.0001) vs MLEE
250 and MLEE 500 mg/kg.

2.6 Effect of MLE on gastric mucus content in rats

The effects of MLE on gastric mucus content are shown in figure 33. Compared with
the vehicle treated animals (CMC 1.5%), MLME and MLCE extracts dose dependently and
significantly (P < 0.01- P <0.0001) increased the gastric mucus content, while the effect of
MLEE extract was not significantly altered for all the tested doses. All extracts showed no

significant difference compared to ranitidine as positive control.
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Figure 33: Effect of MLE on gastric mucus content in rats. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract. The values of the bars chart are expressed as means + SEM (n=6).
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(****P < 0.0001; ***P < 0.001; **P < 0.01, *P < 0.05; ns: not significant) vs vehicle (CMC
1.5% p.o0.). (°P >0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

2.7 Invivo antioxidant activities of MLE in rat stomach

2.7.1 Effect of MLE on total protein level

Treatment with ME resulted in significant and dose dependent increase of total gastric
protein level. The increase in total protein level of MLCE and MLEE extracts was only
significantly different at the highest dose (P < 0.05). All extracts showed comparable effects

(P > 0.05) as ranitidine as positive control (Figure 34).
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Figure 34: Effect of MLE on total protein level in rat stomach tissue. MLME: M. communis

L. leaves methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M.
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communis L. leaves ethyl acetate extract. The values of the bars chart are expressed as means
+ SEM (n=6). (**P < 0.01; *P < 0.05; ns: not significant) vs vehicle (CMC 1.5% p.o.). (°P >
0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

2.7.2 Effect of MLE on catalase activity

Treatment of rats with ME exhibited increased activity of catalase, but this increase was
not significantly different from the negative control. MLCE and MLEE extract showed
highest and significant effects at the highest dose (2.98 + 0.52 and 2.95 £ 0.76, respectively)
compared to the negative control (1.74 £ 0.52). All extracts showed higher effects than the

ranitidine as a positive control (Figure 35).
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Figure 35: Effect of MLE on catalase activity in rat stomach tissue. MLME: M. communis L.
leaves methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M.
communis L. leaves ethyl acetate extract. The values of the bars chart are expressed as means
+ SEM (n=6). (***P < 0.001; **P < 0.01; *P < 0.05; ns: not significant) vs vehicle (CMC
1.5% p.o.). (°P > 0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

2.7.3 Effect of MLE on GSH level

Treatment of rats with both MLCE and MLEE extracts showed significant increase at
the doses of (250 and 500) compared with the vehicle treated animal group. Wheras, MLME
exhibited significant increase (P < 0.0001) only at the highest dose (500 mg/kg) (Figure

36).These values were higher than the positive control.

201

GSH level (nmol/g tissue)

Figure 36: Effect of MLE on GSH level in rat stomach tissue. MLME: M. communis L.

leaves methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M.

93



Results

communis L. leaves ethyl acetate extract. The values of the bars chart are expressed as means
+ SEM (n=6). (****P < 0.0001; ***P < 0.001; *P < 0.05; ns: not significant) vs vehicle
(CMC 1.5% p.o.). (‘P <0.01; °P > 0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

2.7.4 Effect of MLE on lipid peroxidation

Lipid peroxidation and hence MDA gastric content was markedly elevated following
ethanol administration in normal rats (34.75 + 5.8). However, MLME and MLCE extracts
dose dependently and significantly (P < 0.0001) attenuated the ethanol effect. At the highest
dose (500 mg/kg), both extracts decreased the amount of MDA to values lower than that of
ranitidine as positive control. MLEE extract excerted significant effect only at the highest
dose (Figure 37).
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Figure 37: Effect of MLE on MDA level on gastric tissues of rats. MLME: M. communis L.
leaves methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M.
communis L. leaves ethyl acetate extract. The values of the bars chart are expressed as means
+ SEM (n=6). (****P < 0.0001; ***P < 0.001; **P < 0.01; ns: not significant) vs vehicle
(CMC 1.5% p.o.). (°P < 0.0001; °P < 0.001; °P > 0.05) vs positive control group (Ranitidine 5
mg/kg P.O.).
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275  Effect of MLE on SOD activity

Oral treatment with all plant extracts significantly (P < 0.0001) and dose dependently
inhibitided the pyrogallol autoxidation when compared to control vehicle treated animals
(42.37 + 0.74%). At the highest dose, the inhibition capacity of the different extracts was in
the following order: MLEE (82.48 + 0.98) > MLME (81.33 £ 2.23) > MLCE (79.91 £ 0.88) >
Positive control (67.55 £ 1.79). All extracts were close (not significant) or higher (at highest

dose) than ranitidine as positive control (Figure 38).
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Figure 38: Effect of MLE on SOD activity in gastric tissues of rats. MLME: M. communis L.
leaves methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M.
communis L. leaves ethyl acetate extract. The values of the bars chart are expressed as means
+ SEM (n=6), (****P < 0.0001; ***P < 0.001) vs vehicle (CMC 1.5% p.o0.), (°P < 0.0001; °P
<0.01; %P < 0.05; °P > 0.05) vs positive control group (Ranitidine 5 mg/kg P.O.).

2.8 Invitro antioxidant activities of MLE

2.8.1 ABTS radical scavenging activity of MLE

The ability of MLE to scavenge the radical ABTS are shown in figure 39. All extracts
exhibited high antioxidant activity and in the following order: MLEE (I1Csp = 0.0015 mg/ml) >
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MLAE (ICso = 0.004 mg/ml) > MLCE (ICso = 0.0096 mg/ml) > MLME (ICs, = 0.0098
mg/ml).
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Figure 39: ABTS radical scavenging activity of MLE. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract; MLAE: M. communis L. leaves aqueous extract. Data were
presented as 1Cso means £ SD (n=3) (****P < 0.0001; ***P < 0.001; *P < 0.01; ns: not
significant) vs Trolox as standard.

2.8.2 DPPH radical scavenging activity of MLE

The scavenging ability of the extracts was expressed as 1Csp value (the concentration of
substrate that causes 50 % loss of DPPH activity). Low IC sy values indicate strong ability of

the extracts to act as DPPH scavenger.

The results show that MLEE extracts exhibited the highest antioxidant activity (close to
vit C as standard), followed by MLME (I1Cso = 0.009 mg/ml), MLAE (I1Cso = 0.011 mg/ml)
then MLCE (ICs = 0.035 mg/ml). The 1Cs, for Vit C was 0.003 mg/ml) (Figure 40).
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Figure 40: DPPH radical scavenging activity of MLE. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract; MLAE: M. communis L. leaves aqueous extract. Data were
presented as IC 5o means = SD (n=3). (****P < 0.0001; ***P < 0.001; ns: not significant) VS

vitamin C as standard.

2.8.3 Hydroxyl radical scavenging activity of MLE

Among the oxygen radicals, hydroxyl radical is the most reactive and induces severe
damage to adjacent biomolecules (Sakanaka et al., 2005). The results showed that hydroxyl
radical activity of MLAE showed better activity (IC 5o =0.08 = 0.01 mg/ml) than the standard
tocopherol (1Csp = 0.13 = 0.02 mg/ml), followed by MLCE (ICso = 0.12, P < 0.01 mg/ml) and
MLME (ICso = 0.14 mg/ml, P < 0.05). However MLEE showed the lowest activity (ICso =
0.18, P <0.0001) compared with tocopherol (Figure 41).
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Figure 41: Hydroxyl radical scavenging activity of MLE. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract MLAE: M. communis L. leaves aqueous extract. Data were
presented as ICsp means £ SD (n=3). (****P < 0.0001; (*P < 0.01; ns: not significant) vs

Tocopherol as standard.

2.8.4 Hydrogen peroxide scavenging activity of MLE

The scavenging effect of the extracts on hydrogen peroxide decreased in the following
order: BHT > MLAE > MLEE > MLCE > MLME and their ICsq values were found to be:
0.011; 0.015; 0.023; 0.037 and 0.109 mg/ml, respectively (Figure 42).

98



Results

0.15 -
* Kk X K
E 0.10
=
E
o
(Fe)
O 0.05 - e
ns
-- — ns
H ==
LR
0.00 - “ I I : |
< < < 3 <

Figure 42: Hydrogen peroxide scavenging activity of MLE. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract, MLAE: M. communis L. leaves aqueous extract. Data were
presented as 1Csp means £ SD (n=3). (****P < 0.0001; ***P < 0.001; ns: not significant) vs
BHT as standard.

2.8.5 Ferrous ion chelating activity of MLE

All the extracts demonstrated an ability to chelate ferric iron (Il) ions. The chelating
abilities on ferrous ions were in descending order: MLAE (ICso = 0.5 £ 00 mg/ml) > MLME
(ICs0 = 0.61 £ 0.25 mg/ml) >MLCE (ICsp = 2.56 £ 0.05 mg/ml) > MLEE (ICs = 6.14 £+ 0.058
mg/ml). None of the extracts appeared to be better chelators of ferric iron (1l) ions than the

positive control EDTA (ICsp = 0.02 £ 00 mg/ml) in this assay system (Figure 43).
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Figure 43: Ferrous ion chelating activity of MLE. MLME: M. communis L. leaves methanol
extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L. leaves
ethyl acetate extract, MLAE: M. communis L. leaves aqueous extract. Data were presented as
ICs0 means £ SD (n=3) (****P < 0.0001; (***P < 0.001; ns: not significant) vs EDTA as
standard.

2.8.6 Reducing power capacity of MLE

From the results (Figure 44), we can see that the best reducing power (the effective
concentration at which the absorbance was 0.5) was for MLAE (ECso = 0.033 £ 00 mg/ml)
and MLME (ECs = 0.047 = 00 mg/ml) which were stronger than BHT (ECso = 0.074 £ 00
mg/ml) as positive standard. MLEE showed comparable effect (ECso = 0.065 + 00 mg/ml) as
BHT, whereas, the reducing power of MLCE was significantly (P < 0.0001) lower (ECs =
0.226 + 0, 01 mg/ml) than BHT.
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ECsy (mg/ml)

Figure 44: Reducing power activity of MLE. MLME: M. communis L. leaves methanol
extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L. leaves
ethyl acetate extract, MLAE: M. communis L. leaves aqueous extract. Data were presented as
ICso means £ SD (n=3) (****P < 0.0001; ns: not significant) vs BHT as standard.

2.8.7 Antioxidant activity of MLE determined by B-carotene /linoleic acid bleaching

assay

Figure (45) shows the effect of MLE on the changes in the percentage of the inhibition
ratio of linoleic acid oxidation compared to BHT as positive control during 24 h. The
addition of the plant extracts and BHT at 2 mg/ml was markedly effective in inhibiting the
oxidation of linoleic acid and subsequent bleaching of B-carotene, in comparison with the
negative control which contained no antioxidant component. MLCE showed the highest
antioxidant activity (93.95 * 0.53 %) compared to BHT (94.9 £ 1.52 %) followed by MLEE
(90.29 £ 0.42 %), MLAE (79.58+2.67 %) and MLME (73.24 £1.52 %). Figure 46 shows the
decrease in absorbance of B-carotene in the presence of 2 mg/ml extract or reference

antioxidant (BHT) compared with the negative controls (MeOH and H,0).
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Figure 45: Antioxidant activity of MLE (2 mg/ml) using B-carotene /linoleic acid bleaching

assay after 24 h. MLME: M. communis L. leaves methanol extract, MLCE: M. communis L.

leaves chloroform extract, MLEE: M. communis L. leaves ethyl acetate extract, MLAE: M.

communis L. leaves aqueous extract. Data were presented as means £ SD (n=3) (****P <

0.0001; **P < 0.01; ns: not significant) vs BHT as standard.
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Figure 46: shows the decrease in absorbance of -carotene in the presence of 2 mg/ml of

different MLE extracts or reference antioxidant (BHT) compared with MeOH and H,0 as

negative controls.
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2.8.8 Antioxidant activity of MLE determined by FTC assay

As shown in figure 47, the different extracts showed good antioxidant potential with
percent inhibition ranging from (67.65 + 2.59 %) to (92.77 + 1.44 %) as compared with BHT
as positive control. The results indicated that both MLEE and MLCE exerted marked effects
on inhibition of linoleic acid oxidation, which were as strong (92.77 + 1.77 and 92.22 + 1.42,
respectively) as BHT (90.56 + 1.7 %) (P > 0.05).
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Figure 47: Antioxidant activity of MLE (2 mg/ml at 96 h of incubation) measured by FTC
method. MLME: M. communis L. leaves methanol extract, MLCE: M. communis L. leaves
chloroform extract, MLEE: M. communis L. leaves ethyl acetate extract, MLAE: M.
communis L. leaves aqueous extract. Data were presented as means + SD (n=3). (****P <
0.0001; *P < 0.05; ns: not significant) vs BHT as standard.

2.8.9 Antioxidant activity of MLE determined by thiobarbutiric acid assay (TBA)

As shown in figure 48, the plant extracts inhibited MDA formation in the following
order: BHT (96.51 + 1.7 %) > MLEE (94.77 + 3.52 %) > MLCE (94.31 + 2.73 %) > MLME
(88.18 + 1.86%) > MLAE (81.81 £ 5.08 %). The percentage of inhibition exhibited by MLEE
and MLCE was comparable to the positive control (BHT).
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Figure 48: Antioxidant activity of MLE (2 mg/ml at 96 h of incubation) measured by TBA

assay. MLME: M. communis L. leaves methanol extract, MLCE: M. communis L. leaves

chloroform extract, MLEE: M. communis L. leaves ethyl acetate extract, MLAE: M.

communis L. leaves aqueous extract. Data were presented as means £ SD (n=3). (***P <
0.001; *P < 0.05; ns: not significant) vs BHT as standard.

2.9 Effect of MLE on gastric emptying in mice

All extracts exerted dose dependent reduction in the emptied quantity of the test meal

compared to the vehicle (negative control). This effect was significant (P < 0.01 and P <
0.001) for the highest doses (250 and 500 mg/kg) and the effect of these doses was not
significantly different from that of atropine (Figure 49).
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Figure 49: Effect of MLE on gastric emptying in mice. MLME: M. communis L. leaves
methanol extract, MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L.
leaves ethyl acetate extract. The values of the bars chart are expressed as means + SEM (n=6).
(****P < 0.0001; ***P < 0.001; **P < 0.01) vs vehicle (CMC 1.5% p.0.). (°P < 0.0001, °P <
0.001, °P > 0.05) vs positive control group (Atropine sulphate, 1 mg/kg i.p.). “P < 0.0001 vs
MLME s00 mg/kg p.o.; ’P < 0.05 vs MLCEso mg/kg p.o.

2.10 Effect of MLE on intestinal transit in mice

The effects of MLE on intestinal transit are shown in figure 50. Compared with the
vehicle, all tested extracts lowered the transit of phenol red through the small intestine. This
decrease was significant at the highest dose for all extracts. At this dose, all extracts showed

no significant difference in intestinal transit compared to the positive control.
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Figure 50: Effect of MLE on intestinal transit in mice. MLME: M. communis L. leaves
methanol extract, MLCE: M. L. leaves chloroform extract, MLEE: M. communis L. leaves
ethyl acetate extract. The values of the bars chart are expressed as means £ SEM (n=6). (=P
<0.0001; =P < 0.001; =P < 0.01, P < 0.05) vs vehicle (CMC 1.5% p.o.). (*P < 0.0001; °P <
0.001%, P <0.05,°P > 0.05 ) vs positive control group (Atropine sulphate, 1 mg/kg i.p.).

2.11 Effect of MLE on castor oil-induced diarrhoea in mice

Within the observation period of 4 hours, after castor oil administration, all the mice in
control group produced copious diarrhoea. Oral pretreatment of mice with the extracts caused
dose dependent and significant delay of the onset of diarrhoea. This effect decreased in the
following order: MLME > MLCE > MLEE. The most powerful delay was observed for ME
extract at 500 mg/kg. At this dose, the onset of diarrhoea increased from 59.29 + 5.54 min
(vehicle group) to 215.71 + 8.95 min, a value not significantly different from the positive
control (214.38 £ 8.7 min). In addition, the total number of stool and the total number of wet
stool were reduced significantly and dose dependently. The most significant decrease was
noted with the highest dose (Table 9). Furthermore, the inhibition of defecation increased in a
dose dependent manner with the most remarkable percentage of inhibition at the highest dose
for all extracts: MLME (73.53 £ 5.75), MLCE (72.53 * 3.24) and MLEE (71.98 + 4.67).
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These values were not significantly different from the value of the positive control (81.59 +

5.14).

Table 9: Effect of MLE on castor oil-induced diarrhoea in mice.

Treatment Dose Onset of diarrhoea  Total Number of Percentage of Protection(% )
Group (mg/kqg) (min) number wet stool wet stool (%)

or (ml/kg) of stool
Vehicule 10 59.29 + 5.54 10.94+1.08 9.17 +0.89 85.36+3.08 00
(CMC 1.5%)

50 08.25+9.037%*  7.25+0.86" ° 5.5+0.86 ° 73.15+7.86° 33.067.3%"
MLME 250 119.28 +8.137  7+1.1 77 41440457 65.08+9.04 54.85+5 ¢

500 215.71+8.95""  5.42+0.68°" 2.42+0.52""  46.33+8.7" 73.53+5.75

50 100.5+8.36""2P%  8.12+0.95™  5.87+0.58 """  74.19+4.91¢ 35.98+6.32%#£
MLCE 250 143.28+8.9377"%  4.85+0.45 340437 62.11+6.65 67.31+4.75

500 195+3.61°7" 47140567 2.42+0.297" 51.84+4.31" 72.53+3.24

50 110 +3.13"7" 8.12+0.51™ 575+0.52"  70.56+5.73 37.3445.73%
MLEE 250 137.14+2.64778 5.42+1.39 3.57+0.89 64.46+4.96 67.31+8.89%%

500 179.28+6.21"%  4.83+0.57 2.57+0.42 53.27+6.87 71.98+4.67
Loperamide 5 214.38+8.73" 2.63+0.77 14240457  41.77+09.78" 81.59+5.14

Animals were pre-treated with various doses of MLME, MLCE and MLEE (50, 250 and 500
mg/kg, p.o.), reference drug (loperamide, 5 mg/kg, p.o.) or vehicle (CMC 1.5%). One hour
later, animals received castor oil (10 ml’kg p.o.). *P <0.05; **P < 0.01; ***P < 0.001; **** P

< 0.0001; vs negative control group. ip< 0.05; P < 0.01; bp < 0.001;

2P <0.0001 vs

positive control group ; “ P < 0.0001 vs MLME 50 mg/kg); PP < 0.01 vs MLCE 250 mg/kg; °P
< 0.0001 vs MLCE 500 mg/kg; °P < 0.0001 vs MLEE 599 mg/kg; " P < 0.05 vs MLCEsqg
mg/kg; ™ P < 0.001 vs MLME sg0 mg/kg; ;¥ P < 0.05 vs MLCE 250 mg/kg; £ P < 0.01 vs MLCE
s00 mg/kg; * P < 0.05 vs MLEE 250 mg/kg; (One way ANOVA followed by Tukey's multiple

comparison test). MLME: M. communis L. leaves methanol extract, MLCE: M. communis L.

leaves chloroform extract, MLEE: M. communis L. leaves ethyl acetate extract.

2.12 Effect of MLE on castor oil-induced intestinal fluid accumulation in mice

The intestinal fluid accumulation test was induced by castor oil. Pre-treatment of the test

group's animals dose dependently and significantly inhibited the volume and the mass of
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intestinal content compared to the vehicle (Table 10). The percent inhibition of mass intestinal
content with both MLME and MLCE extracts was not significantly different from

Loperamide group at the highest dose, indicating the efficacy of these extracts.

Table 10: Effect of MLE on castor oil-induced intestinal fluid accumulation in mice

Treatment Dose Volume of Mass of intestinal Inhibition of Inhibition of

group (mg/kg) intestinal fluid fluid (9) intestinal fluid intestinal mass
or (ml/kg) (ml) volume (ml) % (9) %

Vehicle
5 0.72+0.04° 0.86+0.1° 00 00

(CMC 1.5%)

MLME 50 0.56+0.024° 0.62+0.03™ 22.22+3.4° 27.95+3.8°
250 0.48+0.02""¢ 0.56+0.027""" 32.53+3.62° 34.63+3.19°
500 0.42+0.02°"" 0.49+0.06™"" 41.66+2.77¢ 47.71+5.17°

MLCE 50 0.55+0.034"® 0.6+0.03 23.61+4.74% 29.25+3.5°
250 0.51+0.03%" 0.58+0.03" 25.24+4.26° 32.65+4.39°
500 0.45+0.03""" 0.45+0.026"""¢ 37.5+4.26° 45.91+2.49°

MLEE 50 0.56+0.033° 0.59+0.034™* 21.29+4.62%° 31.18+4°
250 0.48+0.016"¢ 0.49+0.03""" 32.5+2.31° 42.71+4.26°
500 0.4+0.0167"" 0.43+0.02"" 44.44+2 31° 46.91+2.49¢

Loperamide 5 0.41+0.03™" 0.3+0.030""" 40.97+4.29 61.98+2.76

Animals were pre-treated with various doses of MLME, MLCE and MLEE (50, 250 and 500
mg/kg, p.o.), reference drug (loperamide, 5 mg/kg, p.o.) or vehicle (CMC 1.5%). One hour
later, animals received castor oil (10 ml/kg). *P < 0.05, **P < 0.01, ***P < 0.001, ****p <
0.0001 vs vehicule group (CMC). °P > 0.05, °P < 0.05, °P < 0.0lvs, °P < 0.001, °P <
0.0001 vs positive group (Loperamide); “P < 0.05 vs MLEEsq (One way ANOVA followed
by Tukey's multiple comparison test). MLME: M. communis L. leaves methanolic extract,
MLCE: M. communis L. leaves chloroform extract, MLEE: M. communis L. leaves ethyl

acetate extract.
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3 Anti-inflammatory and antioxidant activities of M. communis L. berries
methanolic extract (MBME).

3.1 Total phenolics, flavonoids and tannins contents in MBME

The total phenolics, flavonoids and tannins contents of MBME extract are presented in
Table 11. The total phenolic content expressed in mg gallic acid equivalents (GAE) / g of dry
extract was 65.55 + 3. Total flavonoids content in terms of mg quercetin equivalents (QE) / g
of dry extract was 30.13 + 1.4, and the total tannins content expressed in mg tannic acid
equivalents (TAE) / g of dry extract was 55.91 + 3.6.

Table 11: Total phenolics, flavonoids and tannins contents of MBME

Extracts Total phenolics Total flavonoids Total tannins
(mg GAE/g Dw) (mg QE/g DW) (mg TAE/g DW)
MBME 65.55+ 3.75 30.13+14 5591+ 3.6

MBME: M. communis L. berries methanolic extract, DW: Dry weight. Results are expressed

as means + SEM (n=3).

3.2 HPLC-MS analysis of MBME

Based on the dry powdered plant material, the yield of the methanolic extract from M.
communis L. berries was 26 %. The results of HPLC analysis are shown in table 12. A total of
3 compounds (1-3) were identified as: Gallic acid, gentisic acid and vanilic acid, the peaks
numbers correspond to the names of compounds in table 12.
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Figure 51: HPLC-MS representative chromatogram of phenolics from MBME.

Table 12: HPLC-MS analysis of MBME.

Peak N° RT (min) Proposed Concentration | Mass error | Molecular
metabolite (mg/kg) (ppb) formula

1 2.84 Gallic acid 167.54 322.21 C:/HsOs

2 4.39 Gentisicacid | 5.62 10.81 C;HsO4

3 8.01 Vanilic acid 2.89 5.57 CsHsO,4

3.3 Acute oral toxicity of MBME

In acute toxicity test, the oral administration to the rats of a single dose 2000 or 5000
mg/kg prepared from MBME did not cause any mortality for the following 14 days of
observation and none of the animals showed any changes in their behavioral, neurological or

physical activities.
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3.4 Intestinal anti-inflammatory effect of MBME on TNBS-induced colitis in rats

3.4.1 Effect of MBME on macroscopic score

Rats treated with TNBS showed prostration, pilo erection and hypo motility. After
sacrifice, macroscopic inspection of the colon showed evidence of severe macroscopic
colonic mucosal necrosis, with oedema, deep ulcerations and haemorrhage extending along
the colon accompanied by bowel wall thickening, hyperaemia and focal adhesions to adjacent
organs, as well as high macroscopic score when compared to control group that showed no
mucosal injuries (Figure 52 and 53). In addition, a significant increase in the weight/length of
the rat colon (as an indicator of inflammation), was noted (Figure 54). After oral
administration of MBME at the doses of 25, 50 mg/kg reduced the previous macroscopic
manifestations, but the macroscopic damage score did not reach significant value when
compared to the TNBS group (Figures 52 and 53). However, the highest dose (100 mg/kg)
markedly attenuated the macroscopic mucosal damage (Figure 53) and significantly (P <
0.05) decreased the macroscopic damage score (Figure 52). The inflammatory changes of the
intestinal tract were associated with a dose dependent decrease of weight/length of the colon
rats (Figure 54). This effect was significant (P < 0.05 vs TNBS colitic group) at the highest
dose (100 mg/kg).
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Figure 52: Effect of MBME (25, 50 and 100 mg/kg) on colonic macroscopic score in TNBS-
induced colitis in rats. Data were expressed as means + SEM (n=6). "P<0.05 vs TNBS colitic

group.
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Figure 53: Effect of MBME (25, 50 and 100 mg/kg)(3,4,5) on colonic macroscopic appearance in TNBS-
induced colitis in rats compared with normal control (1) and TNBS colitic untreated group (2). MBME: M.

communis L. berries methanolic extract.
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Figure 54: Effect of MBME (25, 50 and 100 mg/kg) on colonic weight/length ratio in TNBS-
induced colitis in rats. Data were expressed as means + SEM (n=6). "P<0.05 vs TNBS colitic

group. MBME: M. communis L. berries methanolic extract.

3.4.2 Effect of MBME on myeloperoxidase activity (MPO) activity

MPO activity is considered to be an index of neutrophil infiltration (MPO is
predominantly found in these cells) and it is largely used to quantify intestinal inflammation
(Roncucci, et al., 2008). TNBS-induced colitis was associated with significantly increased
neutrophil infiltration, as evaluated by MPO (Figure 55). Administration of MBME could
significantly (P < 0.05) suppress MPO accumulation in colonic tissue in dose-dependent

manner at the highest doses (50 and 100 mg/ kg) compared to TNBS colitic control animals.
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Figure 55: Effect of MBME (25, 50 and 100 mg/kg) on colonic MPO activity in TNBS-
induced colitis in rats. Data were expressed as means = SEM (n=6). "P < 0.05 vs TNBS colitic

group. MBME: M. communis L. berries methanolic extract.

3.4.3 Effect of MBME on glutathione (GSH) content

The oral administration of MBME at the doses of 25, 50 mg/kg did not show any
important variation in GSH content compared to the TNBS-colitic group, whereas the highest
dose (100 mg/kg) brought about an increase in GSH content although it did not reach a

significant value (Figure 56).
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Figure 56: Effect of MBME (25, 50 and 100 mg/kg) on colonic GSH content in TNBS-
induced colitis in rats. Data were expressed as means + SEM (n=6). "P<0.05 vs TNBS colitic

group. MBME: M. communis L. berries methanolic extract.

3.4.4 Effect of MBME on colonic inflammatory biomarkers

The levels of pro-inflammatory markers (IL-1B, TNF o, IL-17, iNOS), ICAM-1 and
CINC-1 were significantly increased by TNBS (Figure 57-64). Treatment with MBME at the
doses of 50 and 100 mg/kg significantly ('P < 0.05 vs TNBS colitic group) decreased the level
of IL-1B, iNOS and ICAM-1 (Figures 57, 60 and 61). In addition, the plant extract also
significantly ('"P<0.05 vs TNBS colitic group) decreased the level of TNF « (Figure 58) and
CINC-1 (Figure 62) but only at the highest dose (100 mg/kg). IL-17 (Figure 59) and both the
mucosal barrier TFF-3 and MUC-2 (Figure 63 and 64, respectively) were not significantly

altered.
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Figure 57: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of IL-1pB, in TNBS-induced colitis in rats. Data were expressed as means = SEM

(n=6). "P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 58: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of TNFa in TNBS-induced colitis in rats. Data were expressed as means + SEM

(n=6). "P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 59: Effect of MBME (25, 5 and 100 mg/kg) on colonic inflammatory gene expression
of IL-17 in TNBS-induced colitis in rats. Data were expressed as means + SEM (n=6). P <

0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 60: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of iNOS in TNBS-induced colitis in rats. Data were expressed as means +SEM
(n=6). P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 61: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of ICAM-1 in TNBS rat colitis. Data were expressed as means = SEM (n=6). ‘P <
0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 62: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of CINC-1 in TNBS-induced colitis in rats. Data were expressed as means + SEM
(n=6). "P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 63: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of TFF-3 in TNBS-induced colitis in rats. Data were expressed as means + SEM
(n=6). P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.
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Figure 64: Effect of MBME (25, 50 and 100 mg/kg) on colonic inflammatory gene
expression of MUC-2 in TNBS-induced colitis in rats. Data were expressed as means + SEM
(n=6). P < 0.05 vs TNBS colitic group. MBME: M. communis L. berries methanolic extract.

3.4.5 Effect of MBME on nitrite production in RAW 264.7 cells

Incubation of RAW 264.3 cells with increasing concentrations of MBME (12.5, 25,
50, 100 and 200 ug /ml) for 24 h excerted dose dependent and significant decrease (P < 0.05)
in nitrite production (Figure 65).
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Figure 65: Effect of MBME (12.5, 25, 50, 100 and 200 pg/kg) on colonic nitrite production
(Griess reaction) in RAW 264.7 cells treated with LPS (100 ng/ml). Data were expressed as
means + SEM (n=6). P < 0.05 vs TNBS colitis. LPS: Lypopolysaccharide, TNBS:

Trinitrobenzene sulfonic acid. MBME: M. communis L. berries methanolic extract.

3.5 Invitro antioxidant activities of MBME

Different in vitro antioxidant assays were performed for MBME: ABTS, DPPH, iron
chelation, reducing power, B-carotene, FTC and TBA. The results are shown in (Table 13).
Lower ICsp values indicated higher antioxidant activity. MBME showed high antioxidant

activity in all the different used assays (Table 13).

MBME was able to scavenge both the radical ABTS and DPPH with IC 5, of 0.013
mg/ml and 0.016 mg/ml respectively. However, MBME could not reach the activity of the
used positive standars in both tests: Trolox (IC s = 0.0031 mg/ml) and Vit C (IC s = 0.0036
mg/ml).

MBME also showed a promissing result in the reducing power capacity with an EC 50
of 0.52+0.02 mg/ml. This value was significanly (P < 0.0001) different from BHT as positive
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control (EC 5o = 0.07 mg/ml). Moreover, MBME exhibited a good ability to chelate ferrous
irons (IC s = 0.82 mg/ml). This value was significantly lower than the standard EDTA (IC so-=
0.02 mg/ml).

The addition of the plant extract and BHT at 2 mg/ml was markedly effective in
inhibiting the oxidation of linoleic acid and subsequent bleaching of [-carotene, in
comparison with the negative control which contained no antioxidant component. MBME
showed high antioxidant activity (86.96 + 1.91 %) compared to BHT (94.9 + 1.52 (Table 13)

As shown in table 13, MBME had a powerful effect on inhibition of linoleic acid
oxidation with percent inhibition of 84.57 + 0.42 compared to BHT (90.92+1.05). In
addition, MBME strongly inhibited MDA formation (94.28 £+ 0.76 %), a value close to BHT
as positive control (98.47 £0.55 %).)

Table 13: In vitro antioxidant activities of MBME and standards.

Extract | ABTS DPPH Reducing Iron B-Carotene | FTC TBA
ICsp I1Csp Power Chelation Inhibition Inhibition Inhibition
(mg/ml) | (mg/ml) | ECsq (mg/ml) | 1Cso (mg/ml) | (%) (%) (%)

FEREF FEREF FEEF FHEEE

MBME | 0.013 0.016 0.52+0.02 0.82+0.03 86.96+1.91 | 84.57+0.42 | 94.28+0.76

Trolox 0.0031

Vit C 0.0036

BHT 0.07+00 94.90+1.52 | 90.92+1.05 | 98.47+0.55

EDTA 0.02+00

Data (IC s or as inhibition percent) were presented as means = SD. ****P < 0.0001; ns: not
significant vs Trolox, Vit C, BHT or EDTA. MBME: Myrtus communis L. berries methanolic

extract.
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1 Pharmacological effects of M. communis L. leaves essential oil (MLEO)

1.1 Phytochemical analysis of MLEO

The MLEO yield in the examined myrtle dried leaves was (0.36%). Compared with oil
yields of the same plants originating from the surrounding Mediterranean areas, like north
west of Algeria (0.32%)( Berka-Zougali et al., 2010), Tunisia (0.61%)(Aidi Wannes et al.,
2010), Greece (0.4) (Chryssavgi et al., 2008), Spain (0.5)( Boelens and Jimenez, 1992). The
myrtle in the present study could be characterized as being quite rich in essential oil. Strong
variability of the MLEO composition could be observed depending on the geographic region
of production, the season of harvest and the length of distillation (Tuberoso et al., 2006;
Sumbul et al., 2011). Gardeli et al. (2008) studied the effect of the seasonal variation on the
essential oil content of M. communis L. from a Greek island. The authors observed that, the
monoterpenes fraction was the main chemical group in all periods. As reported in the results
section, the major components identified in the EO in this study were a-pinene (54.1%), 1.8-
cineole (26.5%), linalool (2.4%), a-terpineol (2.3%), geranyl acetate (2.3%), limonene (2%)
and methyl eugenol (1.4%). The myrtle EO of the present study is characterized by its
richness in a-pinene (54.1 %) and 1.8-cineole (26.5%). Close amounts of a-pinene were
reported for myrtle EO from northern west of Algeria (50.8%) (Berka-Zougali et al., 2010),
Corsica (53.5-56.7) (Chalchat et al., 1998) and Tunisia (51.1-52.9) (Chalchat et al., 1998;
Aidi Wannes et al., 2010), but different from that reported from Morocco and Spain (Boelens
and Jimenez, 1992).

1.2 Effect of MLEO on ethanol-induced gastric ulceration in rats

Santos et al., (2004) found that cineole which is one of the main constituents of
MLEO (26.5 %) exerts anti-inflammatory, analgesic, gastroprotective and hepatoprotective
effects. In addition, it had a moderate antioxidant activity and did not show genotoxic effects
(Mitic”-C ulafic” et al., 2009).

Gastric mucus is the first line of defense against acid and other ulcerogens. It adheres
to the epithelium together with bicarbonate secreted by the epithelium to serve as a barrier
against self-digestion (Allen and Flemstron, 2005). The results obtained in the present work
show a significant increase in the amount of adherent mucus in the animals treated with

MLEO thus justifying the previously observed gastroprotective action.
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The present study shows for the first time that MLEO exhibits a significant
antiulcerogenic activity by reducing the gastric mucosa lesion induced by ethanol.
gastroprotective effect of this oil was observed as it significantly increased mucus, GSH, SOD
and total proteins at higher doses (250 and 500 mg/kg) and also significantly decreased lipid
peroxidation. Similarly, Caldas et al. (2015) reported that 1,8-cineole which is one of the
main constituents of MLEO significantly increased levels of mucus, prevented depletion of —
SH groups and reduced the level of lipid peroxidation and protected the gastric mucosa. These
findings suggest a potential role of MLEO in gastric protection via the involvement of

antioxidant and cytoprotective mechanisms.

Finally, the present results also showed that MLEO exhibited good in vitro antioxidant
activities in the different tested assays, which may confirms the in vivo antioxidant results and
the gastroprotective effects, since antioxidants have been implicated in gastroprotection (Ben
Ali et al., 2015; Liju et al., 2015).

It is known that the biological activity of essential oils is associated with the
composition and concentration of monoterpenes and sesquiterpenes present in their chemical
composition, being often related to a synergism among these terpenoids (Rodriguez et al.,
2006; Moraes et al., 2009). The major components identified in the essential oil of MLEO in
the present study are alpha-pinene (54.1%) and cineole (26.5%). It is believed that these two
components are most likely involved in the observed effects of the essential oil. Alpha-pinene
is the most widely encountered monoterpene in nature and among that, essential oils with
gastroprotective activity obtained from diverse medicinal plants (Santin et al., 2011; Rozza
and Pellizzon, 2013).  Pinheiro et al. (2015) showed that a-pinene which is one of the major
components of Hyptis essential oil exhibited significant antiulcerogenic activity with a great
correlation between the concentration of a-pinene and the gastroprotective effect of Hyptis

species
1.3 Antidiarrhoeal and antimotility effects of MLEO

As shown in results, MLEO did not show any mortality nor toxic effects at the single
tested doses (2 g/kg), indicating that the oil is safe at 2 g/kg in mice.

Impaired gastrointestinal motility has a well-recognized contribution to some of the
pathophysiological conditions of the gastrointestinal tract. The present study reveals that

MLEO dose dependently decreased gastric emptying, an effect that was significantly different

124



Discussion

at the highest dose. The inhibitory effect was very close to that of atropine as a positive
control (1 mg/kg). The MLEO also dose dependently and significantly decreased the intestinal
transit when compared to control group. However, the percentage of inhibition was lower than
that of atropine. The control of gastric emptying is complex and involves the coordination of
motor activity of the proximal stomach, the antrum, the pylorus and the duodenum, as well as
the passive forces created by intragastric volume and gravity (Morran et al., 1999). The tonus
of the pyloric sphincter plays a crucial role in the rate of gastric emptying (Ishigushi et al.,
2000).

Intestinal transit is controlled by neural and myogenic mechanisms that are governed
by several neurotransmitters and mediators. The principal excitatory neurotransmitter in the
enteric nervous system is acetylcholine, while nitric oxide is the main inhibitory mediator
(Waterman and Costa, 1994). The delaying effect of the essential oil on gastric emptying can
result from the reinforcement of the contraction of the pyloric sphincter, whereas its effect on
intestinal transit may be due to its inhibitory effect on the intestinal muscle contraction and /or
consolidation of the inhibitory component of the musculature. These effects may be attributed
to the peculiar actions of its single chemical constituents and / or to their synergism. Alpha-
pinene and 1, 8 -cineole are the two main phytochemical constituents of the MLEO. It is
believed that these two components are most likely involved in the observed effects of the
essential oil. Camara et al. (2003) found that the essential oil of Plectranthus barbatus which
contains alpha-pinene as a major constituent as well as pure alpha-pinene in the ratio and
amount in the oil had intestinal relaxant and antispasmodic effects in guinea-pig. Similarly,
Jalilzadeh-Amin and Mahan (2015a) found that 1,8-cinecle a major terpene in myrtle
essential oil showed a significant decrease in intestinal transit at its highest dose (120 mg/kg).
Moreover, the same authors (2015b) showed that Mentha longifolia L. which contains 1,8-

Cineole as its major constituent dose-dependently decreased gastrointestinal transit in rats.

Experimental diarrhoea in this study was induced using castor oil. The latter provokes
diarrhoea through the inflammatory effect of ricinoleic acid, a hydroxylated fatty acid
released by lipases in the intestine. Once in the lumen, it induces the secretion of fluid and
electrolytes, decreased the absorption and alters the intestinal motility leading to a watery
content that is quickly evacuated (Capasso et al., 1994; Dash et al., 2014). Ricinoleic acid
seems to cause its effect by promoting prostaglandins (Galvez et al., 1993), platelet-

activating factor and nitric oxide formation (Mascolo et al., 1996).
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The MLEO dose- dependently delayed the onset of diarrhoea, reduced the number of
wet stools and thus inhibiting diarrhoea. In the enteropooling test, the essential oil
significantly decreases the volume and weight of the intestinal content. Therefore, the
antidiarrhoeal effect of MLEO seems to occur via the inhibition of gastrointestinal motility,
inhibition of intestinal secretion and/or activation of reabsorption. Pure 1, 8 -cineole
(Jalilzadeh-Amin and Maham, 2015a; Plamen et al., 2015), as well as Mentha longifolia L.
essential oil containing 1, 8 -cineole as a major constituent (Jalilzadeh-Amin and Maham,
2015b) delayed intestinal transit and had antidiarrhoeal activity. Moreover, 1, 8 -cineole and
alpha-pinene present as main components in different essential oils had spasmolitic actions in
the intestine (Pedro et al., 1998; Sadraei et al., 2001, 2015; Gilani et al., 2009).

Another mechanism by which monoterpenes can induce the antidiarrhoeal effect is
through their anti-inflammatory activity by inhibiting the release of prostaglandins and other
autacoids from the intestinal wall. In fact, several studies have demonstrated the anti-
inflammatory effects of monoterpenes and among these, the two major constituents of MLEO
whether as pure compounds or as the main components in other essential oils (Santos et al.,
2004; de Céassia da Silveira e S& et al., 2013; Rufino et al., 2014; Jalilzadeh-Amin and
Maham, 2015 b; Kim et al., 2015). The precise mechanism (s) of action of MLEO and its

active components deserve further investigations.

2 Pharmacological effcts of M. communis L. leaves extracts (MLE)

2.1 Phytochemical analysis of MLE

As shown in the results section, methanolic extract (MLME) and its fractions (MLCE
and MLEE) did not show any sign of toxicity at 2 and 5 g/kg doses, concluding that these
extracts are safe up to these doses.

Several reports have described M. communis L. as being rich in phenolic acids,
flavonoids, tannins, essential oils and fatty acids (Nassar et al., 2010; Sumbul et al., 2011;
Alipour et al., 2014). The results of the present study revealed that MLE are rich in
polyphenols. The highest levels of polyphenols were identified in ME extract. These results
were quite close to that found by Kanoun et al. (2014) and Dahmoune et al. (2015), but lower
than that found by Gardeli et al. (2008) and Nassar et al. (2010). The flavonoids content of

this study were in line with those of Romani et al. (2004), but lower than that of Nassar et al.
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(2010) and Tumen et al. (2012) and higher than those of Aidi Wannes et al. (2010) and
Kanoun et al. (2014) and Dahmoune et al. (2015). The highest levels of tannins were detected
in the ME extract. These values were lower than those of Amessis-Ouchemoukh et al. (2014)
and higher than those of Dahmoune et al. (2015). These discrepancies are probably due to
different degrees of polarity of the solvents used for the extraction procedure, methods of
quantification, geographic region, and the season of harvest (Gardeli et al., 2008).

2.2 Effect of MLE on ethanol-induced gastric ulceration in rats

It is widely accepted that gastric ulcer results from an imbalance between the agressive
and defensive factors. The main agressive factors include acid, pepsin, Helicobacter pylori,
NSAIDS, ethanol, ROS, whereas the major defensive factors are mucin, bicarbonate, nitric
oxide and growth factors. Excessive alcohol consumption may induce gastritis, hemorrhagic
gastric erosions, mucosal oedema, cellular exfoliation and inflammatory cell infiltration
(Hussain et al., 2015).

Ethanol is well known as a potent necrotizing agent that destroys the defensive factors
of the mucosa, leading to the depletion of gastric wall mucus (Wallace, 2001). It is also
reported that acute exposure of the gastric mucosa of rats to ethanol can result in gastric
lesions similar to those occurring in gastric ulcer; hence, ethanol-induced gastric ulcers have
been widely used for the evaluation of gastro protective activity (Boligon et al., 2014).
Accordingly, in the present study, it was observed that ethanol administration to rats caused
macroscopic lesions to gastric tissue, such as the loss of normal colour and mucus along with
the presence of petechiae, haemorrhage and oedema. These lesions are most likely related to
mucus depletion and a constrictive effect on veins and arteries of the gastric mucosal,
producing congestion, inflammation and tissue injury. In order to confirm the results of
antiulcer effect; the stomachs were also evaluated using histopathological examination. The
histological observation of the stomachs of the healthy animals (Non-treated animals) was not
affected, whereas rats exposed to ethanol presented damage to gastric tissue at the
microscopic level. Histopathological injury caused by ethanol administration is characterized
by severe detachment of surface epithelium, oedema, formation of gastric pit lesions and
haemorrhage, as well as inflammatory process characterized by neutrophils infiltration.
Treatment with MLE extracts reversed the damaging effect of ethanol by preserving the
epithelium and vasculature. This effect is reflected as a decrease in the ulcer index and a high

percentage of protection.
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Ethanol-inducing gastric ulceration is closely related to increased ROS level. The
ROS ulcerative effect is antagonized by the endogenous antioxidant system composed of
enzymatic (SOD, CAT, GST, GPx) and non enzymatic components such as GSH, SH groups,
Vit C and Vit E (Bonamin et al., 2014).

GSH and CAT are the first line of defense against ROS. GSH is an important
intracellular antioxidant that protects the mucosa from ROS-inducing injury (Sidahmed et al.,
2013). CAT converts the peroxyl radical (H,O,) into a safe substance like water (Kwiecien et
al., 2002).

To assess the oxidative stress in the ethanol-inducing gastric ulcer in rats, several
oxidants-antioxidant parameters were evaluated. The results of the present study showed that
the administration of ethanol induced a marked oxidative stress, as evidenced by lipid
peroxidation and reduced antioxidant capacity due to GSH level, CAT and SOD activities

attenuation.

Treatment with MLE significantly decreased MDA and increased GSH, CAT and
SOD. The extracts were also found to possess good antioxidant activity as evidenced by the in
vitro antioxidant tests, such as, DPPH, ABTS and reducing power. The in vitro results were in
line with those of Aidi Waness et al. (2010) and Amessis-Ouchemoukh et al. (2014).

This suggests that the gastroprotective effects of M. communis L. is at least partly due
to its antioxidant activity. In fact several phytochemical constituents such as those ones found
in M. communis L. leaves (phenolics, tannins and flavonoids) have been reported to possess
antioxidant actions and to protect the stomach from ulcerogeny (Borrelli and 1zzo, 2000;
Zakaria et al., 2014, 2016).

The gastric mucus barrier has a crucial role in gastric ulcer protection. The ulcerogenic
substances induce dissipation of the mucus gel layer and thus causing ulceration (Al-Batran et
al., 2013; Adzu et al., 2015). In the present study, pretreatment with MLME and MLCE
extracts, in the ethanol-induced ulcer model, significantly increased the gastric mucus content
of the adherent gel layer, indicating that gastroprotection of M communis L. is also mediated
by preservation of the gastric mucus layer. Other possible mechanisms of gastric protection
may include the cyclooxygenase pathway, nitrergic pathway, inhibition of gastric secretion

and reinforcement of blood flow to the mucosa. The protective effect of M. communis L. is
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most likely mediated via its phytochemical constituents such as tannins, flavonoids, phenolic
acids, terpenoids and so forth.........

In fact, numerous studies have ascribed the plant gastroprotecive activity to these
phytoconstituents and the mechanism(s) of action seems to vary according to the type of these
compounds. Flavonoids are one of the well studied phytochemicals. Quercetin, a widely
distributed flavonoid in plants and among that M. communis L. extracts as well as other plant
extracts containing other flavonoids have been studied for their gastroprotective effects.
Several mechanisms have been proposed to explain these effects. Quercetin has been found to
protect the stomach in several ulcer models. It does so by enhancing neutral glycoproteins
production in the gastric mucosa (Di Carlo et al., 1999) and decreasing acid secretion through
the inhibithion of the histamine pathway and H'/K*-ATPase (Beil et al., 1995). Another
possible mechanism of quercetin gastric protective action is via stimulation of prostaglandins
secretion in the mucosa (Moroney et al., 1988), but propably the best known antiulcerogenic
effects of quercetin as well as other plant extracts containnig flavonoids are via their
antioxidant properties via different enzymatic and non-enzymatic antioxidant systems (Martin
et al., 1998; Coskun et al., 2004; Kahraman et al., 2012; da Silva Junior et al., 2016; Dos Reis
Livero et al., 2016; Ribeiro et al., 2016). These findings are in line with the results of the

present study.

Similarly, different plant extract containing tannins as their major phytochemical
constituents like M. communis L. have been reported to afford gastroprotection in different
animal gastric ulcer models and with different mechanisms including mucus layer
enhancement and also by preserving the antioxydant system of the mucosa, which further
corroborate the findings of the present study ( De Jesus et al., 2012; Arun et al., 2014; Prado
etal., 2014; Zakaria et al., 2014; Al-Sayed and EI-Naga, 2015).

2.3 Antidiarrhoeal and antimotility effects of MLE

Diarrhoea is a real health problem particularly among people in developing countries
representing a prominent cause of morbidity and mortality of millions each year. Although
diarrhoea is caused by different factors, at least four major mechanisms are usually involved
in its pathophysiology, namely: increased intestinal osmolarity, increased electrolytes
secretion, decreased electrolytes absorption and disturbed intestinal motility (Palombo, 2006).
Many people use medicinal plants against gastrointestinal disorders without any scientific
relevance to this use, thus one of the aims of this study is to provide the scientific bases for
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the traditional utilization of one of these plants namely Myrtus communis L. in the treatment
of diarrhoea.

The present study reveals that MLE dose dependently decreased gastric emptying and
intestinal transit. This effect is highly significant especially with the highest dose of all
extracts (500 mg/kg). At this dose, the extracts showed the most powerful effect; an effect that
was close to that of atropine. The control of gastric emptying and intestinal transit is a
complex process and involves both neural and myogenic mechanisms that are governed by
numerous neurotransmitters and mediators. The main excitatory transmitter is acetylcholine,
whereas nitric oxide is the major inhibitory mediator (Waterman and Costa, 1994). The
delaying effects of the extracts on gastric emptying may result from the relaxation of the
stomach musculature and/or from the constriction of the pyloric sphincter, while the delay of
intestinal transit may involve the inhibition of muscle contraction and/or consolidation of the

inhibitory component of the intestinal muscle.

This inhibitory action of the extracts on gastrointestinal motility will delay the passage
of gastrointestinal contents allowing more time for intestinal absorption in a manner similar to
atropine (Nwinyi et al., 2004) and the faeces to become desiccated, thus further retarding
movement through the colon (Akindele and Adeyemi, 2006).

The inhibitory effect of M. communis L. extracts on gastrointestinal motility and their
antidiarrhoeal activity could be attributed to the polyphenolic compounds; mainly tannins and
flavonoids as well as other phytochemicals contained in the extract. The HPLC analysis of
polyphenols in the plant methanolic extract revealed the presence of gallic and ellagic acids as
major components as well as gentisic acid, hydroxybenzoic acid and quercitin. It is believed
that the biological activities of the plants may result from their single chemical constituents or
from the synergistic effects of their constituents. According to literature, flavonoids and
Tannins have different antidiarrhoeal mechanisms of action and one effect is via the inhibition
of the gastrointestinal motility at both gastric and intestinal levels. Indeed several studies have
pointed out to the inhibitory effect of the flavonoids whether as pure compounds or as major
components of different plant extracts on the motility of the gastrointestinal tract (Galvez et
al., 1993; Morales et al., 1994; Akah et al., 1999; Amira et al., 2008; Rajan et al., 2012,
Santos et al., 2012; Janbaz et al., 2013).

Castor oil from the plant Recinus communis is a well known diarrhoea inducer in

rodents. It does so via the release of ricinoleic acid (a hydroxylated fatty acid) in the intestinal
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lumen under the effect of lipases. Once liberated, it provokes irritation and inflammation of
the mucosa leading in this way to increased secretion of fluid and electrolytes, decreased of
mucosal absorption, stimulation of intestinal motility and thus inducing a rapid evacuation of
the intestinal content (Capasso et al., 1994; Croci et al., 1997). The effect of ricinoleic acid is
mediated through several mediators including prostaglandin (Pierce et al., 1971; Galvez et al.,
1993) platelet-activating factor and nitric oxide formation (Mascolo et al., 1996).

The plant extracts in the present study dose- dependently delayed the onset time of
diarrhoea, reduced the number of wet stools, and decreased the volume and the weight of the
intestinal content in the castor oil-treated groups. Thus, the antidiarrhoeal activity of the
extracts appears to occur through the inhibition of gastrointestinal motility, inhibition of
intestinal water and electrolytes secretion and/or stimulation of reabsorption. These effects are
most likely due to the main phytochemicals in the plant. According to previous studies, the
antidiarrhoeal activity of many plants has been attributed to the presence of tannins
(Mukherjee et al., 1998; Liu et al., 2014; Benbarka et al., 2016; Sheng et al., 2016). They act
mainly through the formation of a precipitated protein coat (protein tannate) that covers the
intestinal mucosa and thus reducing hydrolelectolytic secretion (Palombo, 2006). Flavonoids
may also inhibit diarrhoea by diminishing the secretion of water and electrolytes from the
intestinal mucosa (Di Carlo et al., 1993; Venkatesan et al., 2005; Yakubu et al., 2015
Benbarka et al., 2016) or by enhancing their mucosal reabsorption (Osadebe et al., 2012). The
induction of secretory diarrhoea by castor oil involves the liberation of several inflammatory
mediators including prostaglandins and other autacoids that increase inflammation and
motility. The phytochemicals of the plant extracts may exert their antidiarrhoeal effects via
the blockade of these mediators, since many studies have pointed out to the anti-inflammatory
of these compounds (Amira et al., 2012; Lipinska et al., 2014; Yakubu et al., 2015; Abiodun
et al., 2016; Azevedo et al., 2016).
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3 Anti-inflammatory and antioxidant activities of M. communis L. berries
methanolic extract (MBME)

No mortality was observed in mice treated with MBME extract even at the dose of 5

o/kg, signifying that this plant extract is safe at this dose.

The pathogenesis of IBD originates from a combination of inputs: a genetic
predisposition, an environmental trigger, and an abnormal immune response. Dysregulation of
either immunity or intestinal barrier function allows the initiation of IBD resulting in chronic
active inflammation with the production of pro-inflammatory mediators including
eicosanoids, platelet-activating factor, cytokines and reactive oxygen and nitrogen metabolites
(Cestari et al., 2011).

According to Ardizone and Bianchi Porro (2005), inflammation in IBD results mainly
from a desiquilibium between pro-inflammatory cytokines, such as TNF-a and IL-1, IL-6,
IFN-y and anti-inflammatory cytokines (IL-4, 1L-10 and IL-11). IL-1B appears to be a
primary stimulator of diarrhoea, the main symptom of intestinal inflammation (Siegmund et
al., 2001). In addition, TNF-a and IL-1p are the key immunoregulatory cytokines that amplify
the inflammatory response by activating a cascade of immune cells, such as neutrophils and

others immune cells (Jainu and Devi, 2006).

The pharmacotherapy of ulcerative colitis is principally aimed at inhibiting the
production of inflammatory mediators and at modulating the immune system. The ideal aim
of treatment of ulcerative colitis is to relieve pain, heal the ulcer and delay ulcer recurrence.
To date, no drug meets all the goals of therapy, besides existing drugs are relatively

expensive. Thus, phytotherapy could be presented as an alternative in dealing with IBD.

In the present study, TNBS induced extensive colonic damage in rats. The gavage of
MBME extract brought about a reduction in the damaged macroscopic score and the
weight/length ratio of the colon, indicating a net recovery of the injured tissue. These
histological changes were consolidated by the biochemical findings, in which several
inflammatory markers (MPO, TNF a, IL-1p, iINOS, ICAM-1 and CIN-1) were reduced at
varying degrees following the treatment with the extract. The lowering effect on MPO activity
(a well known marker of leukocyte infiltration, oxidative stress and inflammatory severity) in

the colitic rat may indicate a recovery and healing of the ulcerative tissue owing to a decrease
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in neutrophil and macrophage infiltration that occur in the begining of inflammation (Algieri
etal., 2014).

The colonic expression of several cytokines involved in ulcerative colitis, including
TNF o, IL-17, IL-1pB, the chemochines CIN-1 and the adhesion molecule ICAM-1 were also
increased in TNBS treated rats. The curative treatment with the plant extract in the current
study counteracted the changes in TNFa, IL-1B, CIN-1, ICAM-1 but not IL-17. Thus, the
atenuation of the colonic inflammation is most likely due at least in part to the down-
regulation of these mediators that plays key roles in colitic inflammation (Hur et al., 2012;
Debnath et al., 2013).

TNF a is released from macrophages in the start of inflammation and it has numerous
implications in the pathogenisis of IBD and in the TNBS model of colitis (Liu and Wang,
2011). It causes disruption of the colonic barrier and induces chemokine secretion from
epithelian cells (Cho et al., 2014). TNFa also provokes its pro-inflammatory activity via
increased IL-1B and IL-6 production, expression of adhesion molecules and initiation of
cytotoxic, apoptotic responses (Begue et al., 2006), leukocyte activation and tissue infiltration
(He et al., 2011a).

IL-1 is released in the begining of the inflammatory process and has wide pro-
inflammatory actions. It is produced from different cells, such as macrophages, monocytes,
endothelial cells and firoblasts (Beck and Wallace, 1997; Munoz et al., 2008). IL-1 promotes
T cells and NK activation, B cells proliferation and increases adhesion molecule expression
and eicosanoid and NO production (Beck and Wallace, 1997). IL-1B promotes Th 17 cells
(Acosta-Rodriguez et al., 2007).

The IL-17 family include several members (IL-17 A, IL-17 B, IL-17 C, IL-17 D, IL-
17E or IL-25 and IL-17 F. This group induce pro-inflammatory effects both in vivo and in
vitro (Kolls and Linden, 2004). IL-17 is one of the key factors in colitis by acting on different
cell types in the intestinal wall (Vezza et al., 2016). It is increased in inflammed colitic tissue
(Camuesco et al., 2012; Algieri et al., 2013). It increases the expression of several pro-
inflammatory cytokines, chemokines, chemoattractant and metalloproteinases (Park et al.,
2005). By contrast, some studies have claimed a protective role of IL-17 in IBD (O'Eonnor et
al., 2009; Palla et al., 2016).

133



Discussion

Increased adhesion molecules, such as ICAM-1 (Vainer et al., 2010), and the
chemoattractant CINC-1 (Algieri et al., 2013; Abiodun et al., 2016) were also associated with

colitis.

The down-regulating activity of the above discussed inflammatory mediators by the
extract in this study is in agreement with several previous reports on the plant anti-colitic
effects (Algieri et al, 2013; Abiodun et al., 2016; Cazarin et al., 2016; Choi et al., 2016;
Pervin et al., 2016). However, the upregulation of IL-17 in colitic rats was not altered
following extract treatment, suggesting that the later is not acting through this pathway or that

the mediator itself may has behavied as a protector rather than an efector (Palla et al., 2016).

It is well known that oxidative stress is increased in IBD patients and animal models
and that both ROS and RNS play an important role in IBD (Rezaie et al., 2007; Piechota-
Polanczyk and Fichna, 2014; Rana et al., 2014; Rogler, 2015). Following neutrophils
infiltration into the colon, MPO is released and enhances the formation of several oxidants
that overwhelms the tissue, such as hypochlorous which is an important factor in neutrophils

inducing-inflammation (Eiserich et al., 1998; Mariani et al., 2014).

In fact, the colonic damage is usually associated with alteration in several enzymatic
and non-enzymatic antioxidants (Rezaie et al., 2007; Algieri et al, 2013; Piechota-Polanczyk
and Fichna, 2014; Abiodun et al., 2016). In the present study, glutathione tissue content (an
index of oxidative stress) was reduced in TNBS-treated animals. However, treatment with the
extract did not conteract this reduction, although an increase in GSH content was noticed with
the highest dose, but without reaching significant level, implying that the effect is not strong
enough to overcome the reduction. Although other oxidative stress markers were not
evaluated in vivo in the presence of the extract, other mechnisms could not be ruled out since

a good in vitro antioxidant activity was observed in the present study.

Nitric oxide is a free-radical gaseous molecule that plays important roles in several
physiological and pathological states (Moncada and Higgs, 1991). Inducible nitric oxide
synthase (iNOS) is one of three enzymes producing NO from L-arginine (Aktan, 2004) and its
activation produces high levels of NO that interact with the superoxide anion to form
peroxynitrite, leading to several types of inflammation, including IBD (Kleinert et al., 2004;
Kolios et al., 2004; Martin et al., 2007). Thus, compounds that cause the inhibition of NO

over-production may be of interest in inflammatory conditions such as colitis.
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In the present study, the expression of iINOS was increased in both inflamed colitic
tissues as well as in the in vitro LPS-induced leukemic monocyte macrophages nitrite
production model. The curatie treatment with MBME extract in the first model and
pretreatment with the extract in the second model significantly reduced iINOS over expression
and nitrite overproduction, respectively. These findings are in line with the previous which
showed that the inhibition of the overactivity of the nitrergic system may help in the recovery
of the colitic tissues (Algieri et al, 2013; Qian et al., 2015; Xu et al., 2015).

The colonic mucosal barrier plays a crucial role in the protection of the colon (Su et
al., 2009). Treatment of the rats with TNBS brought about a decrease in the expression of
both MUC-2, an important constituent of the mucus layer of the colon and TFF-3, a key
peptide that helps in maintaining the colonic mucosa integrity (Algieri et al, 2013). The
curative treatment of the extract was no able to significantly reverse the reduction in the
expression of both elements, although an increase was noticed with the TFF-3 expression with

all doses.

The results show for the first time the benificial effect of MBME extract in attenuating
the damaging effect of TNBS on the colon of the rat, a model that mimics the ulcerative

colitis in humans, it also confirms its early anti-inflammatory findings (Amira et al., 2012).

Different pathways seem to be involved in its action, among which the
immunomodulatory and the anti-inflammatory activities. The presence of phenolics, tannins,
alkaloids, saponins, flavonoids, steroids, and terpenoids in the extracts of M. communis L.
(Sumbul et al., 2011) and the present study may have contributed to the effects of this plant
on TNBS induced-colitis model. Indeed, many studies have pointed out to the benificial
effects of plant phytochemicals (including those which are present in M. communis L.) on
IBD. Molecular studies have revealed that phenolic compounds (flavonoids, tannins) can
exert modulatory actions in cell by interacting with a wide spectrum of molecular targets
central to the cell signalling machinery. These include down-regulation of pro-inflammatory
enzymes and also by modulating the expression of different cytokines. Many studies have
shown that inducible and pro-inflammatory cytokines (Soobrattee et al., 2005; Martin et al.,
2007; Sanchez-Fidalgo et al., 2007; Hur et al., 2012; Algieri et al., 2014; Li et al., 2014;
Pandurangan et al., 2015; Somani et al., 2015; Abiodun et al., 2016; Talhaoui et al., 2016;
Vezzaet al., 2016).
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The present study showed that the plant in study is a rich source of phenolic
compounds and essential oil; and was devoted of serious toxicological effects. These
characteristics have prompt us to study some pharmacological effect on the
gastrointestinal tract. Myrtus communis L. leaves essential oil and extracts have
shown antimotility, antisecretory and antidiarrhoeal activity. These effects may be
attributed to the presence of several classes of chemicals in the leaves of this plant.
The same components have also produced important antiulcer activity, an effect that
may results from their efficacy in scavenging different free radicals that result from
the ethanol-inducing ulcer model. The stimulatory effects of the phytochemicals on
the mucus secretion is another patch that may help in attenuation of ulceration. The
last part of the study has demonstrated the beneficial effect of the plant on
experimental colitis in rats. The mechanisms of action seem to be related to the
antioxidant and anti-inflammatory activities of the plant as evidenced by the

inhibition of some markers that are involved in induction of these reactions.

As a general conclusion, it is widely accepted that the available modern
medicine for the treatment of gastrointestinal disorders have several limitations due
mainly to its cost and intolerance, which may explain the promotion of the use of

natural compounds in the relief and medication of the gastrointestinal tract disorders.

The results of this study show promising health promoting effects in the
gastrointestinal  tract. However, and although it seems that plant chemical
constituents are deprived of any serious side effects, it will be of interest in the
future to further examine the probable side effects of these constituents with higher
doses and with large groups of animals and in acute and chronic states, especially
with essential oils, since few studies have mentioned the possible intoxication by

high doses of ingested essential oil.
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To further clarify the mechanisms involved in the in vivo studies, it will
be interesting to extend the studies to other models of acute and chronic diarrhoea

and ulceration and motility.

Profound chemical analysis is also needed, and the isolation and the study
of single phytochemical effects on the studied models may shade light on the exact

mechanisms involved in the effect of the plant.

Finally, the extension of the study of the plant to other physiopathological

alterations in the body may be of great importance

138



Conclusion and future prospects

139



References

References

140



References

Abay G, Altun M, Koldas S, Tifek¢i AR, Demirtas 1. 2015. Determination of
Antiproliferative Activities of Volatile Contents and HPLC Profiles of Dicranum scoparium
(Dicranaceae, Bryophyta). Combinatorial Chemistry & High Throughput Screening; 18 (5):
1-12.

Abegunde AT, Muhammad BH, Bhatti O, Ali T. 2016. Environmental risk factors for
inflammatory bowel diseases: Evidence based literature review. World J Gastroenterol;
22(27): 6296-6317.

Abiodun OO, Rodriguez-Nogales A, Algieri F, Gomez-Caravaca AM, Segura-Carretero A,
Pilar Utrilla M, Rodriguez-Cabezas E, Galvez J. 2016. Anti inflammatory and
immunomodulatory activity of an ethanolic extract from the stem bark of Terminalia catappa
L. (Combretaceae): In vitro and in vivo evidences. J Ethnopharmacol; 192: 309-3109.

Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sallusto F. 2007. Interleukins 1p and
6 but not transforming growth factor-Bre essential for the differentiation of interleukin 17-
producing human T helper cells. Nat Immunol; 8:942-949.

Adams RP. 1995. Identification of essential oil components by gas chromatography-mass
spectroscopy. Allured Publishing Co. Illinois II.

Adinortey MB, Ansah C, Galyuon I, Nyarko A. 2013. In vivo models used for evaluation of
potential antigastroduodenal ulcers agents. Ulcers; 1-12.

Adzu B, Balogun SO, Pavan E, Ascéncio SD, Soares IM et al. 2015. Evaluation of the
safety, gastroprotective activity and mechanism of action of standardised leaves infusion
extract of Copaiferamalmei harms Bulus. J Ethnopharmacol; 175: 378-389.

Aidi Wannes W, Mhamdi B , Sriti J, Ben Jemia M, Ouchikh O, Hamdaoui G et al. 2010.
Antioxidant activities of the essential oils and methanol extracts from myrtle (Myrtus
communis var. italica L.) leaf, stem and flower. Food Chem. Toxicol; 48: 1362-1370.

Akah PA, Aguwa CN, Agu R U. 1999. Studies on the antidiarrhoeal properties of
pentaclethra macrophylla leaf extracts. Phytother Res; 13: 292-295.

Akin M, Aktumsek A, Nostro A. 2012. Antibacterial activity and composition of the essential
oils of Eucalyptus camaldulensis Dehn. and Myrtus communis L. growing in Northern
Cyprus. Afr J Biotechnol; 9: 531-535.

Akindele AJ and Adeyemi OO. 2006. Evaluation of the antidiarrhoeal activity of
Byrsocarpus coccineus. J Ethnopharmacol; 108: 20-25.

Aktan F. 2004. iNOS-mediated nitric oxide production and its regulation. Life Sci; 75: 639-
653.

AL -Batran R, Al-Bayaty F Al, Al-Obaidi MMJ, Abdualkader AM, Hadi HA et al. 2013. In
vivo antioxidant and antiulcer activity of Parkia speciosa ethanolic leaf extract against
ethanol-induced gastric ulcer in rats. PLOS ONE, www.plosone.org, Volume 8, Issue 5,
e64751.

141



References

Alamanni MC and Cossu M. 2004. Radical scavenging activity and antioxidant activity of
liquors of myrtle (Myrtus communis L.) berries and leaves. Ital J Food Sci; 16: 197-208.

Algieri F, Rodriguez-Nogales A, Garrido-Mesa N, Vezza T, Garrido-Mesa J, Utrilla MP,
Montilla A, Cardelle-Cobas A, Olano A, Corzo N, Guerra-Her-nandez E, Zarzuelo A,
Rodriguez-Cabezas ME, Galvez J, 2014. Intestinal anti-inflammatory effects of
oligosaccharides derived from lactulose in the trinitrobenzene sulfonic acid model of rat
colitis. J Agric Food Chem; 62: 4285-4297.

Algieri F, Zorrilla P, Rodriguez-Nogales A, Garrido-Mesa N, Banuelos O, Gonza'lez-Tejero
MR, Casares-Porcel M, Molero-Mesa J, Zarzuelo A, PilarUtrilla M, Rodriguez-Cabezas ME,
Galvez J. 2013. Intestinal anti-inflammatory activity of hydroalcoholic extracts of Phlomis
purpurea L. and Phlomis lychnitis L. in the trinitrobenzene sulphonic acid model of rat colitis.
J Ethnopharmacol; 146 (2013) 750-759.

Alipour G, Dashti S, Hosseinzadeh H. 2014. Review of pharmacological effects of Myrtus
communis L. and its active constituents. Phytother Res; 28: 1125-1136.

Allegretti JR and Hamilton MJ. 2014. Restoring the gut microbiome for the treatment of
inflammatory bowel diseases. World J Gastroenterol; 20(13): 3468-3474.

Allen A and FlemstrOm G. 2005. Gastroduodenal mucus bicarbonate barrier: protection
against acid and pepsin. Am J Physiol-Cell Phy; 288: C1-C19.

Al-Saimary IE, Bakr SS, Jaffar T, Al-Saimary AE, Salim H, Al-Muosawi R. 2002. Effects of
some plant extracts and antibiotics on Pseudomonas aeruginosa isolated fromvarious burn
cases. Saudi Med J; 23 (7): 802-5.

Al-Sayed E and EI-Naga RN. 2015. Protective role of ellagitannins from Eucalyptus
citriodora against ethanol-induced gastric ulcer in rats: impact on oxidative stress,
inflammation and calcitonin-gene related peptide. Phytomedicine; 22 (1): 5-15.

Al-Snafi AE. 2016. Beneficial medicinal plants in digestive system disorders (part 2): plant
based review. IOSR J Pharm; 6(7): 85-92.

Amessis-Ouchemoukh N, Abu-Reidah IM, Quirantes-Pinéb R, Madania K, Segura-
Carreterob A. 2014. Phytochemical profiling, in vitro evaluation of total phenolic contentsand
antioxidant properties of Marrubium vulgare (horehound) leavesof plants growing in Algeria.
Industrial Crops and Products; 61: 120-129.

Amira S, Zizzo MG, Mulé F. 2008. Relaxant effects of flavonoids on the mouse isolated
stomach: Structure-activity relationships. Eur J Pharmacol; 599: 126-130.

Amira S, Dade M, Schinella G, Rios J-L. 2012. Anti-inflammatory, antioxidant and apoptotic
activities of four plant species used in folk medicine in the Mediterranean basin. Pak J
Pharmaceut Sci; 25: 65-72.

142



References

Amira S, Soufane S, Gharzouli K. 2005. Effect of sodium fluoride on gastric emptying and
intestinal transit in mice. Exp Toxicol Pathol; 57(1): 59-64.

Anderson ME. 1985. “Determination of glutathione and glutathione disulfide in biological
samples,”Methods in Enzymology; 113: 548-555.

Ardizzone S and Bianchi PG. 2005. Biologic therapy for inflammatory bowel disease. Drugs;
65 (16): 2253-86.

Ardizzone S. 2003. Ulcerative colitis. Orphanet encyclopedia; PP: 1-8.

Aro P, Storskrubb T, Ronkainen J, Bolling-Sternevald E, Engstrand L, Vieth M, Stolte M,
Talley NJ, Agéus L. 2006. Peptic ulcer disease in a general adult population: the Kalixanda
study: a random population-based study. Am J Epidemiol; 1: 1025-34.

Arun LB, Arunachalam AM, Arunachalam KD, Annamalai SK, Kumar KA. 2014. In vivo
anti-ulcer, anti-stress, anti-allergic, and functional properties of gymnemic acid isolated from
Gymnema sylvestre R Br. BMC Complement Altern Med; 14:70.

Asif H, Akram M, Uddin S, et al. 2011. Myrtus communis Linn. (Pharmacological activity). J
Med Plants Res; 5: 6257-6259.

Awaad AS, EI-Meligy RM, Soliman GA. 2013. Natural products in treatment of ulcerative
colitis and peptic ulcer. J Saudi Chem Soc; 17: 101-124.

Awe EO, Kolawole SO, Wakeel KO, Oyindamola O, Abiodun OO. 2011. Antidiarrheal
activity of Pyrenacantha staudtii Engl. (Iccacinaceae) aqueous leaf extract in rodents. J
Ethnopharmacol; 137: 148-153.

Azevedo LF, S Maria da Silva, Navarro LB, Yamaguchi LF, Nascimento CG, Soncini
R, Ishikawa T. 2016. J Ethnopharmacol; 192: 178-182.

Baba Aissa F. 2011. Encyclopédie des plantes utiles; Flore Méditerranéenne (Maghreb,
Europe méridionale, substances végétales d'Afrique, d'Orient et d'Occident. Ed. ElI Marifa,
Alger, Algerie, P: 250-251.

Babaee N, Mansourian A, Momen-Heravi F, Moghdamnia A, Momrn-Beitollahi J. 2010. The
efficacy of a paste containing Myrtus communis (Myrtle) in the management of recurrent
aphthous stomatitis: a randomized controlled trial. Clin Oral Investig; 14(1): 65-70.

Babbs CF. 1992. Oxygen radicals in ulcerative colitis. Free Radical Bio Med; 13: 169-181.

Baharvand-Ahmadi B, Bahmani M, Naghdi N, Saki K, Baharvand-Ahmadi S, Rafieian-
Kopaei M. 2015. Review on phytochemistry, therapeutic and harmacological effects of
myrtus (Myrtus communis). Der Pharmacia Lettre; 7 (11): 160-165.

143


http://www.ncbi.nlm.nih.gov/pubmed/?term=Azevedo%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maria%20da%20Silva%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Navarro%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nascimento%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soncini%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soncini%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishikawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27377340
http://www.ncbi.nlm.nih.gov/pubmed/27377340

References

Bahorun T, Gressier B, Trotin F, Brunete C, Dine T, Vasseur J, Luyckx M, Cazin M, Pinkas
M. 1996. Oxygen species scavenging activity of phenolic extract from Hawthorn fresh plant
organs and pharmaceutical preparations. Arzneim Forsch / Drug Res; 46: 1086-1089.

Barboni T, Venturini N, Paolini J, Desjobert JM, Chiaramonti N, Costa J. 2010.
Characterisation of volatiles and polyphenols for quality assessment of alcoholic beverages
prepared from Corsican Myrtus communis berries. Food Chem; 122: 1304-1312.

Bassotti G, Antonelli E, Villanacci V, Baldoni M, Pina Dore M. 2014. Colonic motility in
ulcerative colitis. United European Gastroenterol J; 2(6): 457-462.

Bate-Smith EC. 1973. Haemanalysis of tannins, the concept of relative astringency.
Phytochemistry; 12: 907-912.

Baumgart DC and Sandborn WJ, 2007. Inflammatory bowel disease: Clinical aspects and
established and evolving therapies. Lancet; 369(9573): 1641-57.

Beck PL and Wallace JL. 1997. Cytokines in inflammatory bowel disease. Mediat inflamm;
6: 95-103.

Begue B, Wajant H, Bambou JC, Dubuquoy L, Siegmund D, Beaulieu JF et al. 2006.
Implication of TNF-related apoptosis-inducing ligand in inflammatory intestinal epithelial
lesions. Gastroenterology; 130: 1962-1974.

Bell CJ, Gall DG, Wallace JL. 1995. Disruption of colonic electrolyte transport in
experimental colitis. Am J Physiol; 268: G622-G630.

Ben Ali MJ, Guesmi F, Harrath AH, Alwasel S, Hedfi A, Ncib S, Landoulsi A, Aldahmash
B, Ben-Attia M. 2015. Investigation of antiulcer and antioxidant activity of juniperus
phoenicea L. (1753) essential oil in an experimental rat model. Biol Pharm Bull; 38(11):
1738-46.

Ben-Arye E, Goldin E, Wengrower D, Stamper A, Kohn R, Berry E. 2002. Wheat grass juice
in the treatment of active distal ulcerative colitis: a randomized double-blind placebo-
controlled trial. Scand J Gastroenterol; 37: 444-449.

Benbarka Z, Aouadhi C, Tlili M, Alimi H, Ben Miled H, enrhouma B K, Sakly M, Ksouri R,
Schneider YJ, Maaroufi A, Tebourbi O. 2016. Evaluation of anti-diarrheal avtivity of the
hydro methanolic root extract of Rhus tripartita (Ucria) (Anacardicae). Biomed
Pharmacother; 83: 827-834.

Benkhayal FA, Musbah E-G, Ramesh S, Dhayabaran D. 2009. Biochemical studies on the
effect of phenolic compounds extracted from Myrtus communis in diabetic rats. Tamilnadu J
Vet Anim Sci; 5: 87-93.

Berardi RR. 2000. Inflammatory bowel disease. In: Herfindal, E., Gourley, D. (Eds.).
Textbook of Therapeutics-Drug and Disease Management, Seventh Ed. Lippincott Williams
& Willkins, pp. 483-502.

144


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ben%20Ali%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guesmi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrath%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alwasel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hedfi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ncib%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Landoulsi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aldahmash%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aldahmash%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ben-Attia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26521824
https://www.ncbi.nlm.nih.gov/pubmed

References

Berka-Zougali B, Hassani A, Besombes C, Allaf K. 2010. Extraction of essential oils from
Algerian myrtle leaves using instant controlled pressure drop technology. J Chromatogr A;
1217: 6134-6142.

Binder HJ. 2005. Intestinal fluid and electrolyte movement. In: Boron WF, Boulpaep El, eds.
Medical physiology. Philadelphia, PA: Elsevier; pp. 931-946.

Binder HJ. Mechanisms of diarrhea in inflammatory bowel diseases. 2009. Ann N Y Acad
Sci; 1165: 285-293.

Bode C and Bode JC. 1997. Alcohol's role in gastrointestinal tract disorders. Alcohol Health
Res World; 21: 76-83.

Boelens MH and Jimenez R. 1992. The chemical composition of Spanish myrtle oils. Part I1.
J Essent Oil Res; 4: 349-353.

Boligona AA, deFreitasa RB, Bruma TF, Waczukc EP, Klimac zewskic CV, Avilac DS et al.
2014. Antiulcerogenic activity of Scutia buxifolia on gastric ulcers induced by ethanol in rats.
Acta Pharmaceutica Sinica B; 4(5): 358-367.

Bonamin F, Moraes TM, dos Santos RC, Kushima H, Faria FM, Silva MA, Junior IV et
al. 2014.The effect of a minor constituent of essential oil from Citrus aurantium: The role of
-myrcene in preventing peptic ulcer disease. Chemico Biolo Interac; 212: 11-19.

Bornstin JC, Costa M, Grider JR. 2004. Enteric motor and interneuronal circuits controlling
motility. Neurogastroenterol Motil; 16(Suppl): 34-38.

Borrelli F and 1zzo AA. 2000. The Plant Kingdom as a Source of Anti-ulcer Remedies.
Phytother Res; 14(8): 581-91.

Boschi-Pinto C et al., 2008 Estimating child mortality due to diarrheoa in developing
countries. B World Health Organ; 86:710.

Botoman VA, Bonner GF,, Botoman DA. 1998. Management of inflammatory bowel disease.
Am Fam Phys; 57: 57-68.

Bouzabata A, Boussaha F, Casanova J, Tomi F. 2010. Composition and chemical variability
of leaf oil of Myrtus communis from North-eastern Algeria. Nat Prod Commun; 5: 1659-
1662.

Bradesi P, Tomi F, Casanova J, Costa J, Bernardini AF. 1997. Chemical composition of
myrtle leaf essential oil from Corsica (France). J Ess Oils Res; 9: 283.

Butkovic V, Klasinc L, Bors W. 2004. Kinetic study of flavonoid reactions with stable
radicals. J Agric Food Chem; 52: 2816-2820.

Caldas GFR, Oliveira ARdS, Aratjo AV, Lafayette SSL, Albuquerque GS, Silva-Neto JDC,
et al. (2015). Gastroprotective Mechanisms of the Monoterpene 1,8-Cineole (Eucalyptol).
PLOS ONE; 10 (8): €0134558. doi:10.1371/journal.pone.0134558.

145



References

Camilleri M. 2004. Chronic diarrhea: a review on pathophysiology and management for the
clinical gastroenterologist. Clin Gastroenterol Hepatol; 2(3): 198-206.

Camuesco D, Rodri’guez-Cabezas ME, Garrido-Mesa N, Cueto-Sola M, Bailo'n E,
Comalada M, Arribas B, Merlos M, Balsa D, Zarzuelo A, Janer G, Xaus J, Roma'n J, Galvez,
J. 2012. The intestinal anti-inflammatory effect of dersalazine sodium is related to a down-
regulation in IL-17 production in experimental models of rodent colitis. British J Pharmacol,;
165: 729-740.

Capasso F, Mascolo N, Izzo AA, Gaginella TS. 1994. Dissociation of castor oil-induced
diarrhoea and intestinal mucosal injury in rat: effect of NO-nitro-1-arginine methyl ester. Br J
Pharmacol; 113: 1127-1130.

Cardona F, Andrés-Lacuevac C, Tulipania S, Tinahonesb FJ, Queipo-Ortuiioa M. 2013.
Benefits of polyphenols on gut microbiota and implications in human health. J Nutr Biochem;
24: 1415-1422.

Cazarin CBB, da Silva JK , Colomeu TC, Batista AG, Meletti LMM, Paschoal JAR, Junior
SB, Braga PAC, Reyes FGR, Augusto F. 2015. Intake of Passiflora edulis leaf extract
improves antioxidant and anti-inflammatory status in rats with 2,4,6-trinitrobenzenesulphonic
acid induced colitis. J Funct Foods; 17: 575-586.

Cerovic V, Houston SA, Scott CL, Aumeunier A, Yrlid U, Mowat AM, Milling SW. 2013.
Intestinal cd103(-) dendritic cells migrate in lymph and prime effector T cells. Mucosal
Immunol; 6: 104-113.

Cestari SH, Bastos JK, ClaudioDi Stasi L. 2011. Intestinal Anti-Inflammatory Activity of
Baccharis dracunculifolia in the Trinitrobenzene sulphonic Acid Model of Rat Colitis.
Hindawi Publishing Corporation. Evid-Based Complem Altern Med; Article ID 524349, 9
pages. doi:10.1093/ecam/nep081.

Chalchat JC, Garry RP, Michet A. 1998. Essential oils of myrtle (Myrtus communis L.) of
the Mideterranean littoral. J Essent Oil Res; 10: 613-617.

Charles DJ. 2013. Myrtle. In Antioxidant properties of spices, herbs and other sources.
Springer: New York; 409-410.

Cho E-J, Shin J-S, Noh Y-S, Cho Y-W et al. 2011. Anti-inflammatory effects of methanol
extract of Patrinia scabiosaefolia in mice with ulcerative colitis. J Ethnopharmacol; 13:428-
35.

Choi S, Woo JK, Jang YS, Kang JH, Jang JE, Yi TH, Park SY, Kim SY, Yoon YS, Oh SH.
2016. Fermented Pueraria lobata extract ameliorates dextran sulfate sodium-induced colitis
by reducing pro-inflammatory cytokines and recovering intestinal barrier function. Lab Anim
Res; 32(3): 151-159.

146



References

Chryssavgi G, Vassiliki P, Athanasios M, Kibouris T, Komaitis M. 2008. Essential oil
composition of Pistacia lentiscus and Myrtus communis L: Evaluation of antioxidant capacity
of methanolic extracts. Food Chem; 107: 1120-1130.

Chung YC, Chen SJ, Hsu CK, Chang CT, Chou ST. 2005. Studies on the oxidative activity
of Graptopetalum paraguayense. Food Chem; 91: 419-424.

Clairborne A. 1985. Catalase activity. In: Handbook of Method for Oxygen Radical
Research, Green world, R.A. Ed.; Boca Raton. Fla CRC press. pp: 283-284.

Comalada M, Camuesco D, Sierra S, Ballester I, Xaus J, Galvez J, Zarzuelo A. 2005. In vivo
quercitrin anti-inflammatory effect involves release of quercetin, which inhibits inflammation
through down-regulation of the NF-kB pathway. Eur J Immunol; 35: 584-592.

Cooke CL, Davidge ST. 2002. Peroxynitrite increases INOS through NF-kappaB and
decreases prostacyclin synthase in endothelial cells. Am J Physiol Cell Physiol; 282: C395-
C402.

Corne SJ, Morrissey SM, Woods RJ. 1974. A method for the quantitative estimation of
gastric barrier mucus. J Physiol; 242: 116-117.

Coskun O, Kanter M, Armutcu F, Cetin K, Kaybolmaz B, Kaybolmaz BOY. 2004.
Protective effects of quercetin, a flavonoid antioxidant, in absolute ethanol-induced acute
gastric ulcer. European J Gen Meds; 1: 37-42.

Croci T, M Landi, X Elmonds-Alt, G Le Fur, J.P Maffrand, L Manara. 1997. Role of
tachykinins in castor oil-induced diarrhea in rats. Brit J Pharmacol; 121: 375-380.

Cui L, Feng L, Zhang ZH, Jia XB. 2014. The anti-inflammation effect of biacalin on
experimental  colitis  through inhibiting TLR4/NF-B pathway activation. Int
Immunopharmacol; 23: 294-303.

da Silva Junior IF, Balogun SO, de Oliveira RG, Damazo AS, Martins DT. 2016. Piper
umbellatum L.: A medicinal plant with gastric-ulcer protective and ulcer healing effects in
experimental rodent models. J Ethnopharmacol; 192: 123-131.

Dahmoune F, Nayak B, Moussi K, Remini H, Madani K. 2015. Optimization of microwave-
assisted extraction of polyphenols from Myrtus communis L. leaves. Food Chem; 166: 585-
595.

Danese S and Fiocchi C. 2011. Ulcerative colitis. N Engl J Med; 365: 1713-25.

Dash PR, Nasrin M, Raihan Sz, Ali MS. 2014. Study of antidiarrhoeal activity of two
medicinal plants of Bangladesh in castor oil-induced diarrhea. Int J Pharm Sci Res; 5: 3864-
3868.

De Jesus NZ, de Souza Falcdo H, Gomes IF, de Almeida Leite TJ, de Morais Lima GR et al.
2012. Tannins, Peptic Ulcers and Related Mechanisms. Int J Mol Sci; 13: 3203-3228.

147


https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Jesus%20NZ%5BAuthor%5D&cauthor=true&cauthor_uid=22489149
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20Falc%C3%A3o%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22489149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomes%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=22489149
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Almeida%20Leite%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=22489149
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Morais%20Lima%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=22489149

References

Debnath T, Kim DH, Lim BO. 2013. Natural products as a source of anti-inflammatory
agents associated with inflammatory bowel disease. Molecules; 18: 7253-7270.

Decker E A and Welch B. 1990. Role of ferritin as lipid oxidation catalyst in muscle food.
J Agr Food Chem; 36: 674-677.

Di Carlo G, Autore G, 1zzo AA, Maibline P, Mascolo N, Viola P, Diurno MV, Capasso F.
1993 .“Inhibition of intestinal motility and secretion by flavonoids in mice and rats:
structureactivity relationships.” J Pharm Pharmacol; 45: 1054-1059.

Di Carlo G, Mascolo N, 1zzo AA, Capasso F. 1999. Flavonoids: old and new aspects of a
class of natural therapeutic drugs. Life Sci; 64: 337-353.

Ding X, Hiraku Y, Ma N, Kato T, Saito. 2005. Inducible nitric oxide synthase-
dependentDNA damage in mouse model of inflammatory bowel disease. Cancer Sci; 96(3):
157-163.

Dinoso VP. 1972. Gastric secretion and gastric mucosal morphology in chronic alcoholics.
Arch Int Med; 130: 715.

Dos Reis Livero FA, da Silva LM, Ferreira DM, Galuppo LF, Borato DG, Prando TB et al.
2016. Hydro ethanolic extract of Baccharis trimera promotes gastroprotection and healing of
acute and chronic gastric ulcers induced by ethanol and acetic acid. Naunyn Schmiedebergs
Arch Pharmacol; 389(9): 985-98.

Dos Reis SB, de Oliveira CC, Acedo SC, Miranda DD, Ribeiro ML, Pedrazzoli Jr J, Gambero
A. 2009. Attenuation of colitis injury in rats using Garcinia cambogia extract. Phytother Res;
23 (3): 324-329.

Dryden GW, Song M, McClain C. 2006. Polyphenols and gastrointestinal diseases. Curr
Opin Gastroenterol; 22(2): 165-170.

Eiserich JP, Hristova M, Cross CE, Jones AD, Freeman BA, Haliwell B,der Vliet AV. 1998.
Formation of nitric oxide-derived inflammatory oxidants by myeloperoxidase in neutrophils.
Nature; 391: 393-397.

El-Abhar HS, Abdallah DM, Saleh S. 2003. Gastroprotective activity of Nigella sativa oil
and its constituent, thymoquinone, against gastric mucosal injury induced by
ischemia/reperfusion inrats. J Ethnopharmacol; 84: 251-258.

Elfellah MS, Akhter MH, Khan MT, 1984. Anti-hyperglycaemic effect of an extract of
Myrtus. communis in streptozotocin-induced diabetes in mice. J Ethnopharmacol; 11: 275-
281.

Ellman G. 1959. Tissue sulfhydryl groups. Arch Biochem Biophys; 82: 70-77.

148



References

Elson CO, Sartor RB, Tennyson GS, Riddell RH. 1995. Experimental models of
inflammatory bowel disease. Gastroenterology; 109 (4): 1344-67.

Evans WC. 2002. Trease and Evans’ pharmacognosy, 15th (edn). W.B. Sanders:
Nottingham; PP: 477.

Farah A, Afifi A, Fechtal M, Chhen A, Satrani B, Talbi M, Chaouch A. 2006. Fractional
distillation effect on the chemical composition of Moroccan myrtle (Myrtus communis L.)
essential oils. Flavour and Fragrance Journal; 21: 351-354.

Farzaei MH, Rahimi R, Abdollahi M. 2015. The role of dietary polyphenols in the
management of inflammatory bowel disease. Curr Pharm Biotechnol; 16(3): 196-210.

Faubion WA, Loftus EV, Harmsen WS. 2001. The natural history of corticosteroid therapy
for inflammatory bowel disease: a population-based study. Gastroenterology; 121; 255-260.

Feisst C, Franke L, Appendino G and Werz O. 2005. Identification of molecular targets of the
oligomeric nonprenylated acylphloroglucinols from Myrtus communis and their implication as
anti-inflammatory compounds. J Pharmacol Exp Ther; 315(1): 389-396.

Field M. 2003. Intestinal ion transport and the pathophysiology of diarrhea. J Clin Invest;
111: 931-943.

Frank-Briggs Al. 2012. Introduction and classification of childhood diarrhoea. Pub
INTECH, world's Largest Science, Technology & Medicine Open Access book publisher.
Chapter from the book "Current Concepts in Colonic Disorders". PP: 1-16.

Friedman S and Blumberg R. 2005. Inflammatory bowel disease. In: Kasper D, Fauci A,
Longo D et al. (Ed.), Harrison’s Principles of Internal Medicine, 16th ed.: McGraw-Hill,
1776-1789.

Fujimiya M and Inui A. 2000. Peptidergic regulation of gastrointestinal motility in rodents.
Peptides; 21: 1565-1582.

Furness JB. 2012. The enteric nervous system and neurogastroenterology. Nat Rev
Gastroenterol Hepatol; 9(5): 286-294.

Galvez A, Zarzuelo ME, Crespo MD, Lorente M, Ocete A, Jimenez J. 1993. Antidiarrhoeic
activity of Euphorbia hirta extract and isolation of active flavonoid constituents. Planta
Medica; 59 (4): 333-336.

Ganong WF, 2010. Ganong's review of medical physiology. 23rd edition. Kim Barrett,
Heddwen Brooks, Scott Boitano, Susan Barman. Mc Graw Hill. New York, Chicago, San
Francisco. PP: 430.

Gao R, Yuan Z, Zhao Z, Gao X. 1998. Mechanism of pyrogallol autoxidation and
determination of superoxide dimutase enzyme activity. Bioelectrochem Bioenerg; 45: 41-45.

149



References

Gardeli C, Papageorgiou V, Mallouchos A, Theodosis K, Komaitis M. 2008. Essential oil
composition of Pistacia lentiscus L. and Myrtus communis L.: Evaluation of antioxidant
capacity of methanolic extracts. Food Chem; 107 (3): 1120-1130.

Ghasemi E, Raofie F, Najafi NM. 2011. Application of response surface methodology and
central composite design for the optimisation of supercritical fluid extraction of essential oils
from Myrtus communis L. leaves. Food Chem; 126: 1449-1453.

Gilani AH, Shah AJ, Zubair A, Khalid S, Kiani J, Rasheed M, Ahmad VU. 2009. Chemical
composition and mechanisms underlying the spasmolytic and bronchodilatory oroperties of
the essential oil of Nepeta cataria L. J Ethnopharmacol; 121(3): 405-11.

Girgin F, Karaoglu O, Erkus M, Tiiziin S, Oziitemiz O, Dinger C, Batur Y, Tanyalgin T.
2000. Effects of trimetazidine on oxidant/antioxidant status in trinitrobenzenesulfonic acid-
induced chronic colitis. J Toxicol Environ Health; 59: 641-652.

Gornall AG, Bardawill CS, David MM. 1949. Determination of serum proteins by means of
the reaction biuret. J Biol Chem; 177: 751-766.

Green LC, Wagner DA, Glogowski J et al. 1982. “Analysis of nitrate, nitrite and 15 N in
Biological fluids”. Anal Biochem; 126: 131-136.

Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tannenbaum SR. 1982.
Analysis of nitrate, nitrite, and [15N] nitrate in biological fluids. Analytic Biochem; 126(1):
131-138.

Griffiths AM. 2004. Specificities of inflammatory bowel disease in childhood. Best Pract
Res Clin Gastroenterol; 18(3): 509-23.

Gupta I, Parihar A, Malhotra P, et al. 2001. Effects of gum resin of Boswellia serrata in
patients with chronic colitis. Planta Med; 67: 391-395.

Halpin SJ and Ford AC, 2012. Prevalence of symptoms meeting criteria for irritable bowel
syndrome in inflammatory bowel disease: Systematic review analysis. Am J Gastroenterol;
107: 1474-1482.

Hanauer SB, Korelitz Bl, Rutgeerts P, Peppercorn MA, Thisted RA, Cohen RD, Present DH.
2004. Postoperative maintenance of Crohn's disease remission with 6 mercaptopurine,
mesalamine, or placebo: a 2-year trial. Gastroenterology; 127(3): 723-729.

Hassiotis CN and Lazari DM. 2010. Decomposition process in the Mediterranean region.
Chemical compounds and essential oil degradation from Myrtus communis. Int Biodeter
Biodegr; 64: 356-362.

Hayder N, Bouhlel I, Skandrani I, Kadri M, Steiman R, Guiraud P, Mariotte A M, Ghedira K,
Dijoux-Franca MG, Chekir-Ghedira L. 2008. In vitro antioxidant and antigenotoxic potentials
of myricetin-3-O-galactoside and myricetin-3-O-rhamnoside from Myrtus communis:

150



References

Modulation of expression of genes involved in cell defence system using cDNA microarray.
Toxicol In Vitro; 22(3): 567-581.

He J, Liang JR, Zhu S, Zhao WN, Zhang YM, Sun WJ. 2011a. Protective effect of
taurohyodeoxycholic acid from Pulvis fellis Suis on trinitrobenzene sulfonicacid induced
ulcerative colitis in mice. Eur J Pharmacol; 670: 229-235.

Hendrickson BA, Gokhale R, Cho JH. 2002. Clinical Aspects and Pathophysiology of
Inflammatory Bowel Disease. Clin Microbiol Rev; 15(1): 79-94.

Hirokawa M, Miura S, Yoshida H, Kurose I, Shigematsu T, Hokari R et al. 1998. Oxidative
stress and mitochondrial damage precedes gastric mucosal cell death induced by ethanol
administration. Alcoholism: Clinic Experim Res; 22: 111-114.

Hoffmann C, Hill DA, Minkah N, Kirn T, Troy A, Artis D, Bushman F. 2009.
Community-wide response of the gut microbiota to enteropathogenic Citrobacter rodentium
infection revealed by deep sequencing. Infect & immun; 77 (10): 4668-78.

Holzer P, Schicho R, Holzer-petsche U, Lippe I. 2001. The gut as neurological organ. Wien
Klin Wochenschr; 113(17-18): 647-660.

Hosseinzadeh H, Khoshdel M, Ghorbani M J. 2011. Antinociceptive, Anti-inflammatory
Effects and Acute Toxicity of Aqueous and Ethanolic Extracts of Myrtus communis L. Aerial
Parts in Mice. Acupunct Meridian Stud; 4(4): 242-247.

Hur SJ, Kang SH, Jung HS, Kim SC, Jeon HS, Kim IH, Lee JD. 2012. review of natural
products actions on cytokines in inflammatory bowel disease. Nut Res; 32: 801-816.

Hussain L, Akash MSH, Naseem S, Rehman K, Kwaja Z. Ahmed KZ, Anti-Ulcerogenic
Effects of Salmalia Malabaricain. 2015. Gastric Ulceration — Pilot Study. Adv Clin Exp Med;
24 (4): 595-605.

Ishiguro K, Ando T, Maeda O, Watanabe O, Goto H .2010. Novel mouse model of colitis
characterized by hapten-protein visualization. Biotechniques; 49: 641-648.

Jainu M and Devi CS. 2006. Gastroprotective action of Cissus quadrangularis extract against
NSAID induced gastric ulcer: role of proinflammatory cytokines and oxidative damage. Chem
Biol Interact; 161(3): 262-70.

Jallizadeh-Amin G and Maham M. 2015a. The application of 1,8-cineole, a terpenoid oxide
present in medicinal plants, inhibits castor oil-induced diarrhea in rats. Pharma Biol; 53(4):
594-99.

Jallizadeh-Amin G and Maham M. 2015b. Antidiarreal activity and acute oral toxicity of
Mentha longifolia L. essential oil. Avicenna J Phytomed; 5 (2): 128-137.

Janbaz KH, Nisa M, Sagib F, Imran |, Zia-Ul-Haq M, DE Feo V. 2013. Bronchodilator
activities of methanolic extract of Myrtus communis L. J physiol Pharmacol; 64(4): 479-484.

151


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hendrickson%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=11781268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gokhale%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11781268
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=11781268
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC118061/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=19635824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Minkah%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19635824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirn%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19635824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Troy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19635824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Artis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19635824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bushman%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19635824

References

Jebakumar AZ, Nondo H, George SK, Paramasivam M. 2011. Anti-diarrhoeal activity of
ethanolic extract of Rumex vesicarius seed. Int J of Phytotherapy; 1(1): 6-10.

Jiminez JA, Uwiera TC, Inglis GD, Uwiera RRE. 2015. Animal models to study acute and
chronic intestinal inflammation in mammals. Gut Pathog; 7:29.

Joo M, Kim HS, Kwon TH, Palikhe A, Zaw TS, Jeong JH, Sohn UD. 2015. Anti-
inflammatory Effects of Flavonoids on TNBS- induced Colitis of Rats. Korean J Physiol
Pharmacol; 19: 43-50

Kahraman A, Cakar H, Koken T. 2012. The protective effect of quercetin on long-term
alcohol consumption-induced oxidative stress. Mol Biol Rep; 39(3): 2789-94.

Kanoun K, Belyagoubi-Benhammou N, Ghembaza N, Atik Bekkara F. 2014. Comparative
studies on antioxidant activities of extracts from the leaf, stem and berry of Myrtus communis
L. Intern Food Res J; 21(5): 1957-1962.

Kansara S and Sakhreliya BD. 2013. PEPTIC ULCER - Its Pathogenesis and Recent
Approaches for the Treatment. JPSBR; 3 (4): 136-144.

Kansara S and Sakhreliya BD. 2013. Peptic ulcer. Its Pathogenesis and Recent Approaches
for the Treatment. JPSBR; 3 (4): 136-144.

Kartal N, Sokmen M, Tepe B, Daferera D, Polissiou M, Sokmen A. 2007. Investigation of
the antioxidant properties of Ferula orientalis L. using a suitable extraction procedure. Food
Chem; 100: 584-589.

Kaulmann A and Bohn T. 2016. Bioactivity of Polyphenols: Preventive and Adjuvant
Strategies toward Reducing Inflammatory Bowel Diseases—Promises, Perspectives, and
Pitfalls. Hindawi Publishing Corporation. Oxidative Medicine and Cellular Longevity.VVolume
2016, Article ID 9346470, 29 pages.

Kikuzaki H and Nakatani N. 1993. Antioxidant effects of some ginger constituents. J Food
Sci; 58(8): 1407-1410.

Kim D, Lee HJ, Jeon YD, Han YH, Kee JY, Kim HJ, Shin HJ, Kang J, Lee BS, Kim Sj et al.
2015. Alpha-Pinene exhibits anti-inflammatory activity through the suppression of MAPKSs
and the NF-kB pathway in mouse peritoneal macrophages. Am J Chin Med; 43(4): 731-42.

Kleinert H, Pautz A, Linker K, Schwartz PM. 2004. Regulation of the expression of
inducible nitric oxide synthase. Eur J Pharmacol; 500: 255-266.

Knowles CH, Lindberg G, Panza E, De Giorgio R. 2013. New perspectives in the diagnosis
and management of enteric neuropathies. Nat Rev Gastroenterol Hepatol; 10: 206-218.

Kolios G, Valatas V, Ward SG. Nitrite oxide in inflammatory bowel disease: a universal
messenger in an unsolved puzzle. Immunology; 113: 427-437.

152



References

Kolls JK and Linden A. 2004. Interleukin-17 family members and finflammation. Immunity;
21: 339-349.

Kotakadi VS, Jin Y, Hofseth AB, Ying L, Cui X, Volate S, Chumanevich A, Wood PA, Price
RL, McNeal A, Singh UP, Singh NP, Nagarkatti M., Nagarkatti PS, Matesic LE, Auclair K,
Wargovich MJ, Hofseth LJ, 2008. Ginkgo biloba extract EGb 761 has anti-inflammatory
properties and ameliorates colitis in mice by driving effector T cell apoptosis. Carcinogenesis;
29 (9): 1799-1806.

Krawisz JE, Sharon P, Stenson WF. 1984. “Quantitative assay for acute intestinal
inflammation based on myeloperoxidase activity. Assessment of inflammation in rat and
hamster models,” Gastroenterology; 87 (6): 1344-1350.

Kwiecien S, Brzozowski T, Konturek SJ. 2002. Effects of reactive oxygen species action on
gastric mucosa in various models of mucosal injury. J Physiol Pharmacol; 53: 39-50.

Laine L, Takeuchi K, Tarnawski A. 2008. Gastric mucosal defense and cytoprotection: bench
to bedside. Gastroenterology; 135(1): 41-60.

Langmead L, Feakins RM, Goldthorpe S, et al. 2004. Randomized, double-blind, placebo-
controlled trial of oral aloe vera gel for active ulcerative colitis. Aliment Pharmacol Ther; 19:
739-747.

Laun JY, Sung J, Hill C, Henderson C, Howden CW, Metz DC. Systematic review of the
epidemiology of complicated pepticulcer disease: incidence, recurrence, risk factors and
mortality. Digestion; 84:102-113.

Li HB, Cheng KW, Wong CC, Fan KW, Chen F, Jiang Y. 2007. Evaluation of antioxidant
capacity and total phenolic content of different fractions of selected microalgae. Food Chem;
102: 771-776.

Li L, Wang L, Wu Z, Yoo L, Wu Y, Huang L, Liu K, Zhou X, Gou D. 2014. Anthocyanin-
rich fractions from red raspberries attenuate inflammation in both RAW264.7 macrophages
and a muse model of colitis. Scientific Reports; 4: 6234

Liju VB, Jeena K, Kuttan R. 2015. Gastroprotective activity of essential oils from turmeric
and ginger. J Basic Clin Physiol Pharmacol; 26(1): 95-103.

Lin KJ, Garcia Rodriguez LA, Hernandez-Diaz S. 2011. Systemic review of peptic ulcer
disease incidence rates: do studies without validation provide reliable estimates?
Pharmacoepidemiol Drug Saf; 20(7): 718-28.

Lipinska L, Klewicka E, Sojka M. 2014. The structure, occurence and biological activity of
ellagitannins: a general review. Acta Sci Pol Technol Aliment; 13(3): 289-99.

Liu X and wang J. 2011. Anti-inflammatory effects of irdoid glycosides fraction of Folium
syringae leaves on TNBS-induced colitis in rats. J Ethnopharmacol; 133: 780-7.

153


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liju%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=24756059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeena%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24756059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuttan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24756059
https://www.ncbi.nlm.nih.gov/pubmed

References

Loeb H, Vandenplas Y, Wursch P, Guesry P. 1989. Tannin-rich carob pod for the treatment
of acute-onset diarrhea. J Pediatr Gastroenterol Nutr; 8: 480-485.

Loftus EV Jr. 2004. Clinical epidemiology of inflammatory bowel disease: Incidence,
prevalence, and environmental influences. Gastroenterology; 126: 1504-17.

MacDermott RP. 1999. Chemokines in inflammatory bowel disease. J Clin Immunol; 19:
266-272.

MacDonald TT, Monteleone G, Pender SLF. 2000. Recent developments in the immunology
of inflammatory bowel disease. Scand J Immunol; 51: 2-9.

MacPherson BR and Pfeiffer CJ. 1978. Experimental production of diffuse colitis in rats.
Digestion; 17: 135-150.

Magyari L, Kovesdi E, Sarlos P, Javorhazy A, Sumegi K, Bela Melegh B. 2014. Interleukin
and interleukin receptor gene polymorphisms in inflammatory bowel diseases susceptibility.
World J Gastroenterol; 20(12): 3208-3222.

Makepour A, Dehghani S, Zahedi S, Eskandari F. 2012. Effects of the hydro-ethanol extract
of Myrtus communus L. on blood glucose level and histopathological changes in alloxan-
induced diabetic rats. Middle-east Journal of Scientific Research; 12(4): 517-522.

Males Z, Brantner AH, Sovic K, Pilepic KH, Plazibat M. 2006. Comparative phytochemical
and antimicrobial investigations of Hypericum perforatum L. subsp. perforatum and H.
perforatum subsp. angustifolium (DC.) Gaudin. Acta Pharm; 56: 359-367.

Mansouri S, Foroumadi A, Ghaneie T, Najar AG. 2001. Antibacterial activity of the crude
extracts and fractionated constituents of Myrtus communis. Pharm Biol; 39: 399-401.

Marchesi JR, Adams DH, Fava F, Hermes GDA, Hirschfield GM, Hold G et al. 2016. The
gut microbiota and host health: a new clinical frontier. Gut; 65: 330-339.

Mariani F, Sena P, Roncucci L. 2014. Inflammatory pathways in the early steps of colorectal
cancer development. World J Gastroenterol; 20: 9716-9731.

Marin M, Giner RM, Rios JL, Recio MC. 2013. Intestinal anti-inflammatory activity of
ellagic acid in the acute and chronic dextran sulfate sodium models of mice colitis. J
Ethnopharmacol; 150: 925-934.

Markham KR. 1982. Techniques of flavonoid identification (Chap. 1 and 2). London
Academic Press, 1-113.

Marklund S and Marklund G. 1974. Involvement of the superoxide anion radical in the
autoxidation of pyrogallol and a convenient assay for superoxide dismutase. Eur J Biochem;
47: 469-474.

154



References

Martin MC, Martinez A, Mendoza JL, Taxonera C, Diaz-Rubio M, Fernandez- Arquero M,
delaConcha EG, Urcelay E. 2007. Influence of the inducible nitric oxide synthase gene
(NOS2A) on inflammatory bowel disease susceptibility. Immunogenetics; 59: 833-837.

Martin MJ, La-Casa C, Alarcon-de-la-Lastra C, Cabeza J, Villegas I, Motilva V. 1998. Anti-
oxidant mechanisms involved in gastroprotective effects of quercetin. Zeitschrift fur
Naturforschung C; 53(1-2):82-8.

Masada Y. 1976. Analysis of essential oils by gas chromatography and mass spectrometry.
New York. Wiley J & Sons. New York.

Mascolo N, 1zzo AA, Gaginella TS, Capasso F. 1996. Relationship between nitric oxide and
platelet-activating factor in castor oil-induced mucosal injury in the rat duodenum. Naunyn
Schmiedebergs Arch pharmacology; 353: 680-684.

Matricon J, Barnich N, Ardid D. 2010. Immunopathogenisis of inflammatory bowel disease.
Self Nonself; 1(4): 299-3009.

Maxia A, Frau M, Falconieri D, Karchuli M, Kasture S. 2011. Essential oil of Myrtus
communis inhibits inflammation in rats by reducing serum IL-6 and TNF-alpha. Nat Prod
Commun; 6: 1545-1548.

Mazzon E, Muia® C, Paola RD, Genovese T, Menegazzi M, De Sarro A, Suzuki H,
Cuzzocrea S. 2005. Green tea polyphenol extract attenuates colon injury induced by
experimental colitis. Free Rad Res; 39 (9): 1017-1025.

McGuiness H. 2010. Anatomy & physiology. Therapy basis, 4th Ed, Hodder Education. An
Hachette UK Company. PP: 354.

Mimica-Dukic N, Bugarin D, Grbovic S, Mitic-Culafic D, Vukovic-Gacic B, Orcic D, Jovin
E, Couladis M. 2010. Essential oil of Myrtus communis L. as a potential antioxidant and
antimutagenic agents. Molecules; 15(4): 2759-2770.

Mitic’-C ulafic” D, Z egura B, Nikolic” B, Vukovic'-Gac“ic” B, Knez"evic'-Vukc evic™ J,
Filipi'c M. 2009. Protective effect of linalool, myrcene and eucalyptol against tbutyl
hydroperoxide induced genotoxicity in bacteria and cultured human cells. Food Chem
Toxicol; 47: 260-266.

Moncada S and Higgs EA. 1991. Endogenous nitric oxide: physiology, pathology and
clinical relevance. Eu J Clin Invest; 21: 361-374.

Montoro P, Tuberoso ClI, Perrone A, Piacente S, Cabras P, Pizza C. 2006. Characterisation
by liquid chromatography electrospray tandem mass spectrometry of anthocyanins in extracts
of Myrtus communis L. berries used for the preparation of myrtle liqueur. J Chromatogr A;
1112: 232-240.

155



References

Moraes TM, Kushima H, Moleiro FC, Santos RC, Rocha LR, Marques MO et al. 2009.
Effects of limonene and essential oil from Citrus aurantium on gastric mucosa: Role of
prostaglandins and gastric mucus secretion. Chem Biol Interact; 180: 499-505.

Morales MA, Tortoriello J, Meckes M, Paz D, Lozoya X. 1994. Calcium antagonist effect of
quercetin and its relation with the antispasmolytic properties of Psidium guajava L. Arch Med
Res; 25: 17-21.

Moroney MA, Alcaraz MJ, Folder RA, Carey F, Hoult SRS. 1988. Selectivity of neutrophil
5-lipoxygenase and cycloxygenase inhibition by anti-inflammatory flavonoid glycoside and
related aglycone flavonoids. J Pharm Pharmacol; 40: 787-792.

Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk MR, Wallace JL. 1989. Hapten-
induced model of chronic inflammation and ulceration in the rat colon. Gastroenterology; 96:
795-803.

Moyana TN and Lalonde JM. 1990. Carrageenan-induced intestinal injury in the rat. A model
for inflammatory bowel disease. Ann Clin Lab Sci; 20: 420-426.

Mukherjee PK, Saha K, Murugesan T, Mandal SC, Pal M, Saha BP. 1998. Screening of anti-
diarrhoeal profile of some plant extracts of a specific region of West Bengal. India J
Ethnopharmacol; 60: 85-89.

Munoz FS, Dominguez-Lopez A, Yamamoto-Furusho JK. 2008. Role of cytokines in
inflammatory bowel disease. World J Gastroenterol; 14(27): 4280-4288.

Miizes G, Molnar B, Tulassay Z, Sipos F. 2012. Changes of the cytokine profile in
inflammatory bowel diseases. World J Gastroenterol; 18(41): 5848-5861.

Nassar MI, Abou Tabl SA, Ahmed RF, El-Khrisy EDA, Ibrahim KM, Sleem AA. 2010.
Secondary metabolites and bioactivities of Myrtus communis. Pharmacogn Res; 2: 235-242.

Navaneethan U and Giannella RA. 2008. Mechanisms of infectious diarrhea. Nat Clin Pract
Gastroenterol Hepatol; 5: 637-647.

Nell S, Suerbaum S, Josenhans C. 2010. The impact of the microbiota on the pathogenesis of
IBD: lessons from mouse infection models. Nat Rev Micro; 8 (8): 564-577.

Nwinyi FC, Binda L, Ajoku GA, Aniagu SO, Enwerem NM, Orisapide A, Kubmarawa D, KS
Gamaniel 2004. Evaluation of the aqueous extract of Boswellia dalzietti stem bark for
antimicrobial activities and gastrointestinal effects. Afr J Biotechnol; 3: 284-288.

O'Connor JrW, Kamanaka M, Booth CJ, Town T, Nakae S, lwakura Y, Kolls JK, Flavell
RA. 2009. A protective function for interleukin 17a in t cell-mediated intestinal inflammation.
Nat Immunol; 10 (2009) 603-609.

156



References

OECD (Organization for Economic Co-operation and Development). 2001. Guideline for
Testing of Chemicals. Guideance no. 420. Fixed Dose Procedure, Adopted December 17,
2001, pp.1-14.

Ohkawa H, Ohishi N, Yagy K. 1979. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal Biochem; 95: 351-8.

Osadebe PO, Abba CC, Agho MO. 2012. Antimotility effects of extracts and fractions of
eastern Nigeria mistletoe (Loranthus micranthus Linn). Asian Pac J Trop Med; 556-560.

Palla AH, Igbal NT, Minhas K, Gilani AH. 2016. Flaxseed extract exhibits mucosal
protective effect in acetic acid induced colitis in mice by modulating cytokines, antioxidant
and antiinflammatory mechanisms. Int Immunopharmacol; 38: 153-166.

Palombo EA. 2006. Phytochemicals from traditional medicinal plants used in the treatment
of diarrhoea: Modes of action and effects on intestinal function. Phytother Res; 20: 717-724.

Pandurangan AK, Mohebali N, Esa MN, Looi CY, Ismail S, Saadatdoust Z. 2015. Gallic
acid suppresses inflammation in dextran sodium sulfate-induced colitis in mice: Possible
mechanisms. Inter Immunopharmacol; 28: 1034-1043.

Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang YH, Wang Y, Hood L, Zhu Z, Tian Q,
et al. 2005. A distinct lineage of CD4 T cells regulates tissue inflammation by producing
interleukin 17. Nat Immunol; 6: 1133-1141.

Pedro JC, David NC, Raquel AT, Edna MM, Ticiana LM, Jose HL. 1998. Intestinal
myorelaxant and antispasmodic effects of the essential oil of Croton nepetaefolius and its
constituent’s cineole, methyl-eugenol and terpineol. Phytother Res; 3: 172-177.

Pedros C, Duguet F, Saoudi A, Chabod M. 2016. Disrupted regulatory T cell homeostasis in
inflammatory bowel diseases. World J Gastroenterol; 22(3): 974-995.

Pervin M, Hasnat MA, Lim JH, Lee EO, Um BH, Lim BO. 2016. Preventive and therapeutic
effects of blueberry (Vaccinium corymbosum) extract against DSS-induced ulcerative colitis
by regulation of antioxidant and inflammatory mediators. J Nutr Biochem; 28: 103-13.

Piechota-Polanczyk A and Fichna J. 2014. Review article: The role of oxidative stress in
pathogenesis and treatment of inflammatory bowel diseases. Naunyn-Schmiedeberg’s Arch.
Pharmacol; 387: 605-620.

Pierce NF, Carpenter CC JR, Elliot HL, Greenough WB. 1971. Effects of prostaglandins,
theophylline, and cholera exotoxin upon transmucosal water and electrolyte movement in the
canine jejunum. Gastroenterology; 60(1): 22-32.

157



References

Pinheiro MA, Magalhdes RM, Torres DM, Cavalcante RC, FSX, Coelho EMAO et al.
2015. Gastroprotective effect of alpha-pinene and its correlation with antiulcerogenic activity
of essential oils obtained from Hyptis species. Pharmacogn Mag; 11(41): 123-130.

Plamen S, Julian L, André-Michael B. 2015. Effects of 1.8-cineole (eucalyptol) on the
spontaneous contractile activity of smooth muscles fibre. J Med Plants Res; 9 (14): 486-493.

Prado LC, Silva DB, de Oliveira-Silva GL, Hiraki KR, Canabrava HA, Bispo-da-Silva LB.
2014. The gastroprotective effects of Eugenia dysenterica (Myrtaceae) leaf extract: the
possible role of condensed tannins. Biol Pharm Bull; 37(5): 722-30.

Qian Z, Wu Z, Huang L, Qiu H, Li L, Yao L, Kang K, Qu J, Wu Y, Luo J, Liu JJ, Yang Y,
Yang W, Gou D. 2015. Mulberry fruit prevents LPS-induced NF-B/,ERK/MAPK signals in
macrophages and suppresses acute colitis and colorectal tumorigenesis in mice. Sc Rep; 5:
17348.

Quezel P, Santa S. 1963. Nouvelle flore de I'Algerie et des régions désertiques méridionales.
Editions du centre national de la recherche scientifique. Tome Il. Ed. CNRS, Paris. PP. 804-
806.

Rajan S, Suganya H, Thirunalasundari T, Jeeva S. 2012. Antidiarrhoeal efficacy of
Mangifera indica seed kernel on Swiss albino mice. Asian Pac J Trop Med; 630-633.

Rana SV, Sharma S, Prasad KK, Sinha SK, Singh K. 2014. Role of oxidative stress &
antioxidant defence in ulcerative colitis patients from north India. Indian J Med Res; 139:
568-571.

Raschke WC, Baird S, Ralph P, Nakoinz 1. 1978. Functional macrophage cell lines
transformed by Abelson leukemia virus. Cell; 15(1): 261-7.

Re R. 1999. Antioxidant activity applying an improved ABTS radical cation decolorization
assay. Free Radical Bio Med; 26: 1231-1237.

Rencz F, Péntek M, Bortlik M, Zagorowicz E, Hlavaty T et al., 2015. Biological therapy in
inflammatory bowel diseases: access in Central and Eastern Europe. World J Gastroenterol;
21(6): 1728-1737.

Rezaie A, Parker RD, Abdollahi M. 2007. Oxidative stress and pathogenesis of inflammatory
bowel disease: an epiphenomenon or the cause? Dig Dis Sci; 52: 2015-2021.

Rhoades R and Pflanzer R. 1996. Human physiology, Saunders College Publishing. New
York. PP: 664-700.

Ribeiro AR, do Nascimento Valenca JD, da Silva Santos J, Boeing T, da Silva LM et al.
2016. The effects of baicalein on gastric mucosal ulcerations in mice: Protective pathways
and anti-secretory mechanisms. Chem Biol Interact; 260: 33-41.

158


http://www.ncbi.nlm.nih.gov/pubmed/?term=Pinheiro%20Md%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Magalh%26%23x000e3%3Bes%20RM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20DM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavalcante%20RC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20Coelho%20EM%5Bauth%5D

References

Ribeiro B, Valent~ao P, Baptista P, Seabra RM, Andrade PB. 2007. Phenolic compounds,
organic acids profiles and antioxidative properties of beef steak fungus (Fistulina hepatica).
Food Chem Toxicol; 45:1805-1813.

Roda G, Sartini A, Zambon E, Calafiore A, Marocchi M, Caponi A, Belluzzi A, Roda E.
2010. Intestinal epithelial cells in inflammatory bowel diseases. World J Gastroenterol;
16(34): 4264-4271.

Rodriguez JA, Theoduloz C, Yéafez T, Becerra J, Schmeda-Hirschmann G .2006.
Gastroprotective and ulcer healing effect of ferruginol in mice and rats: Assessment of its
mechanism of action using in vitro models. Life Sci; 78: 2503-9.

Rogler G. 2015. Where are we heading to in pharmacological ibd therapy? Pharmacol Res;
100: 220-227.

Romani A, Coinu R, Carta S, Pinelli P, Galardi C, Vincieri FF, Franconi F. 2004. Evaluation
of antioxidant effect of different extracts of Myrtus communis L. Free Rad Res; 38: 97-103.

Roncucci L., Mora E, Mariani F, Bursi S, Pezzi A, et al., 2008. Myeloperoxidase-positive
cell infiltration in colorectal carcinogenesis as indicator of colorectal cacer risk. Cancer
Epidemiol Biomarkers Prev; 17(9): 2291-7.

Rosa A, Melis M P, Deiana M, Atzeri A, Appendino G, Corona G, Incani A, Loru D, Dessi
MA. 2008. Protective effect of the oligomeric acylphloroglucinols from Myrtus communis on
cholesterol and human low density lipoprotein oxidation. Chem Phys Lipids; 155(1): 16-23.

Rossi A, Di Paola R, Mazzon E, et al. 2009. Myrtucommulone from Myrtus communis
exhibits potent anti-inflammatory effectiveness in vivo. J Pharmacol ExpTher; 329: 76-86.

Rozza AL and Pellizzon CH. 2013. Essential oils from medicinal and aromatic plants: A
review of the gastroprotective and ulcer-healing activities. Fundam Clin Pharmacol; 27:51-
63.

Ruch RJ, Cheng SJ, Klaunig JE. 1989. Prevention of cytotoxicity and inhibition of
intracellular communication by antioxidant catechins isolated from Chinese green tea.
Carcinogenesis; 10: 1003-1008.

Rufino AT, Ribeiro M, Judas F, Salgueiro L, Lopes MC, Cavaleiro C, 2014. Anti-
inflammatory and chondroprotective activity of (+)-a-pinene: Structural and enantiomeric
selectivity. J Nat Prod; 77: 264-9.

Sadraei H, Asghari G, Kasiri F. 2015. Comparison of antispasmodic effects of
Dracocephalum kotschyi essential oil, limonene and a-terpineol. Res Pharm Sci; 10(2): 109-
116.

Sadraei H, Asghari G, Hajhashemi V, Kolagar A, Ebrahimi M. 2001. Spasmolytic activity of
essential oil and various extracts of Ferula gummosa Boiss on ileum contractions.
Phytomedecine; 8: 370-376.

159


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sadraei%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asghari%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kasiri%20F%5Bauth%5D

References

Samonina GE, Kopylova GN, Lukjanzeva GV, Zhuykova SE, Smirnova EA, German SV et
al. 2004. Antiulcer effects of amylin: a review. Pathophysiology; 11: 1-6.

Sanchez-Fidalgo S, Villegas I, Martin A, Sanchez-Fidalgo M, AlarcOn de la Lastra C. 2007.
PARP inhibition reduces acute colonic inflammation in rats. Eur J Pharmacol; 563 (1-3):
216-23.

Sandhya S, Ramana VK, Vinod KR, Reddy S, Begum A. 2013. Scope of medicinal flora as
effective anti ulcer agents. African J Plant Sci; 7(11): 504-512.

Santin JR. Lemos M, Klein-Junior LC, Machado ID, Costa P, de Oliveira AP et al. 2011.
Gastroprotective activity of essential oil of the Syzygium aromaticum and its major
component eugenol in different animal models. Naunyn Schmiedebergs Arch Pharmacol;
383:149-58.

Santos FA, Silva RM, Campos AR, De Aradjo RP, Lima Junior RC, Rao VS. 2004. 1,8-
cineole (eucalyptol), a monoterpene oxide attenuates the colonic damage in rats on acute
TNBS-colitis. Food Chem Toxicol; 42(4): 579-84.

Santos RC, Kushima H, Rodrigues CM, Sannomiya M, Rocha LRM, Bauab TM, Tamashiro
J, Vilegas W, Hiruma-Lima CA. 2012. Byrsonima intermedia A. Juss: gastric and duedenal
anti-ulcer, antimicrobial and antidiarrheal effects in experimental rodent models. J
Ethnopharmacol; 140 (2): 203-212.

Satyavati G, Raina M, Sharma M. 1976. Medicinal plants of India. Raina MK (ed.). Indian
council of medical research: New Delhi, India. Vol IV.

Sepici-Dincel A, Girbiz I, Cevik C, Yesilada E. 2004. Hypoglycaemic effects of myrtle oil
in normal and alloxan-diabetic rabbits. J Ethnopharmacol; 93: 311-318.

Shekhar TC ad Anju G. 2014. Antioxidant activity by DPPH radical scavenging method of
Ageratum conyzoides Linn. leaves. Am J Ethnomed; 1(4): 244-249.

Sheng Z, Yan X, Zhang R, Ni H, Cui Y, Ge J, Shan A. 2016. Assessment of the
antidiarrhoeal properties of the aqueous extract and its soluble fractions of Chebulae Fructus
(Terminalia chebula fruits. Pharm Biol; 26: 1-10.

Sidahmed HM, Hashim NM, Amir J, Abdulla MA, Hadi AH, Abdelwahab Sl et al. 2013.
Pyranocycloartobiloxanthone A, a novel gastroprotective compound from Artocarpus obtusus
Jarret, against ethanol-induced acute gastric ulcer in vivo. Phytomedicine; 20: 834-843.

Siegmund B, Lahr HA, Fantuzzi G, Dinarello CA. 2001. IL-1 beta-converting enzyme
(caspace-1) in intestinal inflammation. Proc Natl Acad Sci USA; 98 (23): 13249-54.

Smirnoff N, Cumbes QJ. 1989. Hydroxyl radical scavenging activity of compatible solutes.
Phytochemistry; 28: 1057-1060.

Somani SJ, Modi KP, Majumdar AS, Sadarani BN. 2015. Phytochemicals and their potential
usefulness in inflammatory bowel disease. Phytother Res; 29(3): 339-50.

160


http://www.ncbi.nlm.nih.gov/pubmed/?term=Santos%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Campos%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Ara%C3%BAjo%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lima%20J%C3%BAnior%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=15019181
http://www.ncbi.nlm.nih.gov/pubmed/15019181
https://www.ncbi.nlm.nih.gov/pubmed/26916441
https://www.ncbi.nlm.nih.gov/pubmed/26916441
https://www.ncbi.nlm.nih.gov/pubmed/26916441

References

Son DJ, Lee GR, Ch S, Oh S, Lee SE, Cgoi WS. Gastroprotective efficacy and safety
evaluation of scoparone derivatives induced gastric lesions in rodents. Nutrients; 7(3): 1945-
64.

Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma OIl, Bahorun T. 2005.
Phenolics as potential antioxidant therapeutic agents: mechanisms and actions. Mutat Res;
579 (1-2): 200-13.

Southey A, Tanaka S, Murakami T, Miyoshi H, Ishizuka T, Sugiura M, Kawashima K,
Sugita T. 1997. Pathophysiological role of nitric oxide in rat experimental colitis. Int J
Immunopharmac; 19(11): 669-676.

Srinivas TL, Lakshmi SM, Shama SN, Reddy GK, Prasanna K R. 2013. Medicinal Plants as
Anti-Ulcer Agents. J Pharmacog Phytochem; 2 (4): 91-97.

Strober B, Ludviksson BR, Fuss 1J. 1998. The pathogenesis of mucosal inflammation
inmurine models of inflammatory bowel disease and Chrohn disease. Ann Intern Med;
128(10): 848-856.

Strober W and Fuss 1J. 2011. Proinflammatory cytokines in the pathogenesis of nflammatory
bowel diseases. Gastroenterology; 140 (6): 1756-1767.

Su L, Shen L, Clayburgh DR, Nalle SC, Sullivan, EA, Meddings JB, Abraham C, Turner, JR.
2009. Targeted epithelial tight junction dysfunction causes immune activation and contributes
to development of experimental colitis. Gastroenterology; 136: 551-563.

Sumbul S, Ahmad MA, Asif M, Akhtar M. 2011. Myrtus communis Linn. A review. Indian J
Natur Prod resources; 2(4): 395-402.

Sumbul S, Ahmad MA, Asif M, Saud I, Akhtar M. 2010. Evaluation of Myrtus communis
Linn. berries (common myrtle) in experimental ulcer models in rats. Hum Experim Toxicol;
29(11): 935-944.

Sung JJY, Kuipers EJ, ElI-Serag HB. 2009. Systematic review: the global incidence and

prevalence of peptic ulcer disease. Aliment Pharmacol Ther ; 29: 938-946.

Suzuki H, Nishizawa T, Tsugawa H, Mogami S, Hibi T. 2012. Roles of oxidative stress
in stomach disorders. J Clin Biochem Nutr; 50(1): 35-3.

Swigar AA and Silverstein RM. 1981. Monoterpenes. Aldrich Chemical Company,
Milwaukee, Wiscon.

Talhaoui N, Vezza T, Gomez-Caravaca AM, Fernandez-Gutiérrez A, Galvez J, Segura-
Carretero A. 2016. Phenolic compounds and in vivtro immunomodulatory properties of three
Andalusian olive leaf extracts. J Funct Foods; 22: 270-277.

161


https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22247598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishizawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22247598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsugawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22247598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mogami%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22247598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hibi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22247598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3246180/

References

Tatsumi Y, Lichtenberger L M. 1996. Molecular association of trinitrobenzenesulfonic acid
and surface phospholipids in the development of colitis in rats. Gastroenterology; 110 (3):
780-9.

Terai T, Osawa S, Tani S, Oishi S, Arai Y, Yamada T, Sugimoto M, Furuta T, Kanaoka S,
Miyajima H, Sugimoto K. 2014. Induction of murine TNBS colitis is strictly controlled by a
modified method using continuous inhalation anesthesia with sevoflurane. Dig Dis Sci; 59:
1415-1427.

Thabrew MI and Arawwawala LDAM. 2016. An overview of in vivo and in vitro models
that can be used for evaluating anti-gastric ulcer potential of medicinal plants. Austin Biol,
1(2): 1007.

Thavorn KM, Mamdani UM, Straus SE. 2014. Efficacy of turmeric in the treatment of
digestive disorders: a systematic review and meta-analysis protocol. Systematic Reviews;
3:71.

Traveset A, Riera N, Mas RE. 2001. Ecology of fruit-color polymorphism in Myrtus
communis and differential effects of birds and mammals on seed germination and seedling
growth. J Ecol; 89: 749-760.

Triantafyllidi A, Xanthos T, Papalois A, Triantafyllidis JK. 2015. Herbal and plant therapy
in patients with inflammatory bowel disease. Ann Gastroenterol; 28(2): 210-220.

Tuberoso CI, Barra A, Angioni A, Sarritzu E, Pirisi FM. 2006. Chemical composition of
volatiles in Sardinian myrtle (Myrtus communis L.) alcoholic extracts and essential oils. J
Agric Food Chem; 54(4): 1420-6.

Tuberoso CIG, Rosa A, Bifulco E, Melis MP, Atzeri A, Pirizi FM, Dessi MA. 2010.
Chemical composition and antioxidant activities of Myrtus communis L. berries extracts.
Food Chem; 123: 1242-1251.

Tumen I, Senol FS, Orhan IE. 2012. Inhibitory potential of the leaves and berries of Myrtus
communis L. (myrtle) against enzymes linked to neurodegenerative diseases and their
antioxidant actions. Int J Food Sci Nutr; 63: 387-392.

Urbanska AM, Karagiannis ED, Au AS, Dai SY, Mozafari M, Prakash S. 2016. What's
Next for Gastrointestinal Disorders: No Needles? J Control Release; 221: 48-61.

Vainer B. 2010. Intercellular adhesion molecule-1 (icam-1) in ulcerative colitis: Presence,
visualization, and significance. APMIS Suppl; 118: 1-43.

Veljaca M, Lesch CA, Pllana R, Sanchez B, Chan K, Guglietta A. 1995. BPC-15 reduces

trinitrobenzene sulfonic acid-induced colonic damage in rats, J Pharmacol Exp Ther; 272 (1):
417-22.

162



References

Venkatesan N, Thiyagarajan V, Narayanan S, Arul A, Raja S, Kumar SGV, Rajarajan T,
Perianayagam JB. 2005. Antidiarrhoeal potential of Asparagus racemosus wild root extracts
in laboratory animals. J Pharm Pharm Sci; 8: 39-45.

Venturi A et al. 1999. Impact on the composition of the faecal flora by a new probiotic
preparation: preliminary data on maintenance treatment of patients with ulcerative colitis.
Alimentary pharmacology & therapeutics; 13(8): 1103-8.

Vezza T, Rodriguez-Nogales A, Algieri F, Pilar Utrilla M, Elena Rodriguez-Cabezas M,
Galvez J. 2016. Flavonoids in Inflammatory Bowel Disease: Nutrients; 8: 211.

Wallace JL. Pathogenesis of NSAID-induced gastroduodenal mucosal injury. Best Pract Res
Clin Gastroenterol; 15(5): 691-703.

Waller DG, Renwick AG,Hillier K. 2005. Medical pharmacology and therapeutics, 2nd ed.
El Sevier Limited: 347-401.

Waterman SA and Costa M. 1994. The role of enteric inhibitory motoneurons in peristalsis
in the isolated guinea-pig small intestine. J Physiol; 477: 459-68.

Wendel A and Cikryt, 1980. Th elevel and half life of glutathione in human plasma. FEBS
Lett; 120:209-211.

WHO (World Health Organization). 2014. Diarrhoea. WHO Library Cataloguing-in-
Publication Data. 20 Avenue Appia, 1211 Geneva 27, Switzerland. pp: 1-52.

WHO.1992. Readings on diarrhoea: Student manual: 1-154.

Wong SH, Cho CH, Ogle CW. 1991. Calcium and ethanol-induced gastric mucosal damage
in rats. Pharmacol Res; 23: 71-79.

Xu BL, Zhang GJ, Ji YB. 2015. Active components alignment of Gegenginlian decoction
protects ulcerative colitis by attenuating inflammatory and oxidative stress. J
Ethnopharmacol; 162: 253-60.

Yakubu MT and Salimon SS. 2015. Antidiarrhoeal activity of aqueous extract of Mangifera
indica L. leaves in female albino rats. J Ethnopharmacol; 163: 135-141.,

Yan Y et al. 2009. Temporal and spatial analysis of clinical and molecular parameters in
dextran sodium sulfate induced colitis. PLOS ONE; 4(6): e6073.

Yao SL, Painter WC, Fanslow D, Ulrich BM, Macduff MK et al. 1995. Human IL-17: a
novel cytokine derived from T cells. J Immunol; 155: 5483-6.

Yen GC, Chang YC, Su SW. 2003. Antioxidant activity and active compounds of rice koji
fermented with Aspergillus condidus. Food Chem; 83: 49-54.

Yoshimura M, Amakura Y, Tokuhara M, Yoshida T. 2008. Polyphenolic compounds
isolated from the leaves of Myrtus communis. J Nat Med; 62: 366-368.

163



References

Zaidi SFH, Muhammad JS, Shahryar S et al. 2012. Anti-inflammatory and cytoprotective
effects of selected Pakistani medicinal plants in Helicobacter pylori infected gastric epithelial
cells. J Ethnopharmacol; 141: 403-410.

Zaidi SFH, Yamada K, Kadowaki M, Usmanghani K, Sugiyama T. 2009. Bactericidal
activity of medicinal plants, employed for the treatment of gastrointestinal ailments, against
Helicobacter pylori. J Ethnopharmacol; 121: 286-291.

Zakaria ZA, Balan T, Azemi AK, Omar MH, Norhafizah Mohtarrudin, Ahmad Z,
Abdullah MNH et al. 2016. Mechanism(s) of action underlying the gastroprotective effect of
ethyl acetate fraction obtained from the crude methanolic leaves extract of Muntingia
calabura. BMC Complem Altern Med; 16:78.

Zakaria ZA, Balan T, Suppaiah V, Ahmad S, Jamaludin F. 2014. Mechanism(s) of action
involved in the gastroprotective activity of Muntingia calabura. J Ethnopharmacol; 151(3):
1184-93.

Zelickson MS, Bronder CM, JohnsonBL, Camunas JA, Smith DE, Rawlinson D, Von S,
Stone HH, Taylor SM. 2011. Helicobacter pylori is not the predominent etiology of peptic
ulcers requiring operation. Am Surg; 77: 1054-1060.

Zhang J, Dou W, Zhang E, Sun A, Ding L, Wei X, Chou G, Mani S, Wang Z. 2014.
Paeoniflorin abrogates DSS-induced colitis via a TLR4-dependent pathway. Am J Physiol
Gastrointest Liver Physiol; 306: G27-G36.

164



