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ABSTRACT
Evaluation of in-vivo antidiarrheal activities of 80% methanol extract and solvent

fractions of the leaves of Myrtus communis Linn (Myrtaceae) in mice

Mekonnen Sisay

Addis Ababa University, 2015

Myrtus communis L. has a folkloric repute for the management of diarrhea and
dysentery in different parts of the world including Ethiopia. However, it has not been
scientifically validated yet regarding its safety and efficacy. The aim of this study was
to investigate the antidiarrheal effects of both 80% methanol extract (SOME) and
solvent fractions of the leaves of Myrtus communis L in mice models of diarrhea. The
80ME was obtained using maceration technique. Besides, the fractions were prepared
from the leaf powder by successive soxhlet extraction with solvents of increasing
polarity (chloroform followed by methanol) and then maceration of the marc of the
methanol fraction with distilled water. The antidiarrheal activities of the 8OME as
well as solvent fractions were evaluated using castor oil induced diarrhea, intestinal
transit and enteropooling models in mice. For the 80ME, Group I served as negative
control and received 10 ml/kg of distilled water orally; Group II served as a positive
control and given a standard drug (3 mg/kg loperamide orally); Group III-V were test
groups and received 100, 200 and 400 mg/kg of the extract respectively. A similar
grouping was used for the fractions, except for the aqueous group , where they
received 200, 300, 400 mg/kg with an additional dose of 800 mg/kg. In the castor
oil induced diarrheal model, the 8OME significantly delayed the diarrheal onset at 200
mg/kg (p<0.05) & 400 mg/kg (p<0.01) and inhibited the number and weight of fecal
output at all tested doses. The chloroform and methanol fractions significantly

delayed onset of diarrhea at 400 mg/kg (p<0.05) and decreased the frequency and

il



weight of fecal output (at both 300 & 400 mg/kg). The aqueous fraction demonstrated
modest antidiarrheal effect at 800 mg/kg (p<0.05). Results from the charcoal meal test
revealed that the 8OME at all doses (p<0.001) as well as the chloroform and methanol
fractions at 300 mg/kg (p<0.05) & 400 mg/kg (p<0.01; p<0.001) produced a
significant anti-motility effect. By contrast, the aqueous fraction revealed significant
antimotility effect (p<0.01) at its maximum dose. Similarly, in entero-pooling test, the
80ME (at all tested doses, p<0.01) as well as the chloroform and methanol fractions
(at 300 & 400 mg/kg, p<0.05) produced a significant decline in the weight and
volume of intestinal contents, whereas the aqueous fraction revealed appreciable
effect (p<0.05) at 800 mg/kg only. Generally, the present study demonstrated that the
80ME, chloroform and methanol fractions produced promising antidiarrheal activities
due to dual inhibitory effect on castor oil induced intestinal motility and fluid
secretion. Therefore, this finding provides a scientific support for acclaimed

traditional use of Myrtus communis L for treatment of diarrheal diseases.

Key terms: Myrtus communis, castor oil, antidiarrheal activity, antimotility,

antientero-pooling, 80% methanol extract, solvent fractions
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1. INTRODUCTION

1.1. Definition and classification
The term diarrhea was derived from the Greek word (dia = through, rhein = to flow),
denoting increased fluidity and frequency of fecal discharges (Mouzan, 1995). World
Health Organization (WHO) (2013) defines diarrhea as the passage of unusually loose
or watery stools, usually at least three times in a 24 h period. It is also an alteration in
a normal bowel movement characterized by an increase in the volume, frequency, and

weight of stools (Guerrant et al., 2001; Talley et al., 1994; Thomas et al., 2003).

Diarrhea can be classified by several methods with duration of the symptoms being
foremost. Diarrhea lasting less than two weeks is considered to be acute (Guerrant et
al., 2001). Acute diarrhea is typically self-limiting and resolves quickly with no
lasting sequelae (World Gastroenterology Organization (WGO), 2008). Furthermore,
acute diarrhea could be either acute watery or acute bloody diarrhea (Mohanta ef al.,
2010). Acute watery diarrhea is associated with significant fluid loss and rapid
dehydration in infected individual. The pathogens that generally cause acute watery
diarrhea include Vibrio cholera or Escherichia coli (E.coli) bacteria, as well as
rotavirus. Acute bloody diarrhea, on the other hand, is marked by visible blood in the
stools. It is associated with intestinal damage and nutrient losses in an infected
individual. The most common cause of bloody diarrhea (dysentery) is Shigella

(Guerrant et al., 2001; Mohanta et al., 2010).

Persistent diarrhea is an episode of diarrhea, with or without blood that lasts for two
to four weeks (Mohanta ef al., 2010). Chronic diarrhea, on the other hand, lasts longer
than four weeks (Abdullah & Firmansyah, 2013; Mouzan, 1995). It can in turn be
subdivided in to watery, fatty (malabsorption) and inflammatory diarrhea (Juckett &

Trivedi, 2011).



1.2. Epidemiology of diarrhea
According to the WHO and United Nations Children’s Fund (UNICEF) (2013), there
were about 1.7 billion cases of diarrheal disease worldwide every year, and 760, 000
children younger than 5 years of age died from diarrhea each year, mostly in
developing countries. This is approximated to 18% of all deaths of children under the
age of five. Besides, based on the Center for Disease Control and prevention (CDC)
(2013) report, of all child deaths from diarrhea, 78% occurred in the African and
South-East Asian regions. Globally in this age group, diarrhea remains the second
leading cause of death (after pneumonia), and both the incidence and the risk of
mortality from diarrheal diseases are greatest (CDC, 2013; Mary, 2013; UNICEF,

2014; WGO, 2012).

A systematic review done on diarrheal incidence in low and middle income countries
from 1990 to 2010 reported that incidence has declined from 3.4 episodes/child year
in 1990 to 2.9 in 2010 (FischerWalker et al., 2012). Furthermore, in the African
regions, there were 26% severe episodes of diarrhea and the highest numbers of
childhood deaths were seen in sub-Saharan Africa regions where 50% of deaths from

diarrhea occurred in 201 1(FischerWalker ef al., 2013).

In Ethiopia, according to the Central Statistical Agency (CSA) demographic and
health survey report (2011), the two-week prevalence of diarrhea among children
under 5 years of age was 13%. Besides, diarrhea accounted for 14% death of under
five children (UNICEF, 2012). Moreover, diarrhea remained as one of the top 10
causes of death in Ethiopia (CDC, 2013). More specifically, the prevalence of
childhood diarrheal diseases among under five children was reported to be 19.6% in
Shebedino district, Southern nations, nationalities and peoples region (Tamiso et al.,

2014), 23.8% in Dejen district, Eastern Gojam (Mossie et al., 2014), 30.5% in Arba-



Minch district (Mohammed et al., 2013), 18.0% in Mecha district, West Gojam

(Dessalegn et al., 2011), 28.9% in Nekemte town (Regassa ef al., 2008).

1.3. Etiology of diarrhea
Diarrhea is a common symptom of gastrointestinal infections caused by a wide range
of pathogens, including bacteria, viruses and protozoa. Most of which are spread by
fecal contamination of water or during unhygienic conditions (Guerrant et al., 2001).
Rotavirus and E. coli are the two most common etiological agents of diarrhea in
developing countries (Akinnibosun & Nwafor, 2015; CDC, 2008; WHO, 2013).
Rotavirus caused severe and fatal diarrhea in young children worldwide (CDC, 2008).
According to the Program for Appropriate Technology in Health (PATH) (2013),
Ethiopia is one of the five countries with the greatest rotavirus burden and accounted
for 6% of all rotavirus deaths globally. Approximately, 28% of all under five diarrheal
disease hospitalizations in Ethiopia was caused by rotavirus. Besides, rotavirus has
been observed as the major cause of acute diarrhea among under five children in
Jimma University Specialized Hospital (Bizuneh et al., 2004). Cryptosporidium, on
the other hand, has been frequently isolated protozoan pathogen among HIV positive

patients (WGO, 2012).

Apart from this, chemotherapy induced diarrhea is also a common problem, especially
in patients with advanced cancer (Stein ef al., 2010). Furthermore, children who die
from diarrhea often suffer from underlying malnutrition, which makes them more

vulnerable to diarrhea (Das et al., 2013; WGO, 2012; WHO, 2013).

In Ethiopia, higher risk of diarrhea was seen in households with high number of
children and without improved toilet facilities, and children of illiterate mothers

(Mengistie et al., 2013; Mihrete ef al., 2014). Besides, latrine availability, home based



water treatment, source of water, disposal of feces and poor hand washing practices
were significantly associated with acute diarrheal diseases (Gebrehiwot et al., 2015;

Godana & Mengiste, 2013; Mossie et al., 2014).

1.4. Normal gut physiology and pathophysiology of diarrhea
1.4.1. Normal gut physiology
Secretion and absorption of electrolytes and fluid are two essential functions of the
small intestinal epithelial cells. During normal processes, approximately 9 liters of
fluid traverse the gastrointestinal tract daily. Generally, the small intestine and colon
absorb 99% of the overall fluid load and only small amount vestiges in the stool after
absorptive processes have occurred (Beverly & Clarence, 2008; Ghishan & Kiela,
2012; Shah, 2004). Regardless of whether water is being secreted or absorbed, it
flows across the mucosa in response to osmotic gradients. As the digestion process
continues, there is generation of osmotically active molecules that cause lumenal
osmolarity to increase dramatically and water is pulled into the lumen. Then, as the
osmotically active molecules are absorbed, osmolarity of the intestinal contents

decreases and water can be absorbed (Ghishan & Kiela, 2012; Richard, 2006).

The apical membrane of crypt epithelial cells contain an ion channel of great medical
importance, a cAMP-dependent chloride channel known as the cystic fibrosis trans-
membrane conductance regulator (CFTR). CFTR chloride channel controls salt and
water transport across epithelial tissues (Kirk, 2000; Schultz et al., 1999). Chloride
ions enter the crypt epithelial cell by co-transport with sodium and potassium.
Elevated intracellular concentrations of cAMP in crypt cells activate the CFTR,
resulting in secretion of chloride ions into the lumen. Accumulation of negatively
charged chloride anions in the crypt creates an electric potential that attracts sodium

into the lumen, which ultimately results in secretion of NaCl. This in turn creates an



osmotic gradient across the tight junction and draws water into the lumen (Richard,
2006). Besides, an increase in intracellular levels of cGMP or Ca*" can also activates

CFTR CI channel function (Li et al, 2010; Arora et al., 2013).

The pathophysiological mechanisms underlying the loss of intestinal fluid in diarrhea
have been a subject of debate for decades. The leading assumption up to the 1970s
was that diarrhea by and large is ensued because of altered gastrointestinal motility.
Later on, it has become increasingly apparent that a disturbance in the epithelial
electrolyte and water transport is a major cause of intestinal fluid loss even if motility
disturbances may contribute (Lundgren, 2002).
1.4.2. Pathophysiology of diarrhea

Diarrheal syndromes result from disturbances in any of the basic pathophysiological
processes including active secretion, osmosis, exudation/inflammation, and altered

motility (Field, 2003; Kent & Banks, 2010).

Secretory diarrhea

A number of disease processes produce secretory diarrhea. The basic pathophysiology
involves either net secretion of ions (chloride or bicarbonate) or inhibition of net
sodium absorption (Schiller, 1999). Net intestinal secretion is most often secondary to
the stimulation of active chloride secretion and to the inhibition of active absorption
of sodium and chloride by messengers such as cAMP (Barrett, 2000). In many
secretory diarrheas, activation of chloride channels in the apical membrane of
enterocytes, including the CFTR and calcium activated chloride channels (CaCC),
increases fluid secretion (Thiagarajah et al., 2015). The driving force for intestinal ion
secretion can arise from the gut lumen as with infectious diarrhea (enterotoxins, such
as cholera toxin (CTx), E. coli or Yesinia enterocolitica as shown in figure 1), from

the subepithelial space (inflammatory mediators), or from the systemic circulation



(peptide hormones produced from endocrine tumors) (Field, 2003; Gabriel et al.,
1994; Hostos et al., 2011; Li et al., 2010). Most causes of secretory diarrhea alter the
second messenger systems through alteration in cAMP, cGMP, or intracellular Ca*-

regulated ion transport pathways (Barrett, 2000; Binder, 2005).

Figure 1: Secretory pathways in the gut epithelium affected by diarrhea-causing
pathogens:

CaCC: Calcium-activated chloride channels; cAMP: Cyclic adenosine monophosphate; CaSR:
Calcium-sensing receptor; CFTR: Cystic fibrosis transmembrane conductance regulator; cGMP: Cyclic
guanosine monophosphate; CTx: Cholera toxin, PDE: Phosphodiesterase; PKA: Protein kinase A;
PKG: Protein kinase G; STa: Enterotoxigenic Escherichia coli heat-stable toxin (Hostos ef al., 2011).

Osmotic diarrhea

Osmotic diarrhea occurs either when non absorbable or poorly absorbable solutes are
ingested or enterocytes cannot absorb them. This creates a negative osmotic gradient
causing leakage of more fluid into the gut increasing the stool volume. The causes of
this type of osmotic diarrhea are varied but can be broken down into decreased
enzymatic availability (lactose intolerance), a genetic abnormality that decreases or
eliminates the ability of the body to absorb certain nutrients (celiac sprue), sugars that

are poorly absorbed (polyols), laxatives, magnesium-containing antacids, and



malabsorption of certain fats and bile acids (Field, 2003; Goteborg, 2008; Kent &

Banks, 2010).

Inflammatory diarrhea

Certain diarrheal syndromes are caused by inflammation and exudation of the
intestinal mucosa and the interaction between cytokines from immunologically
reactive cells. Inflammatory diarrhea may result from a wide variety of etiologies
including infections and inflammatory bowl diseases (IBDs). Infectious pathogens
causing inflammatory diarrhea primarily affect the distal small bowel or the colon.
They cause disease by either elaborating cytotoxins or by invading the epithelium
with resultant recruitment of inflammatory cells. Most of the pathogens causing
inflammatory diarrhea do so by producing mucosal damage as well as by stimulating

intestinal secretion (Arora, 2013; Binder, 2009; Eisenhut, 2006).

Functional diarrhea
During normal functioning of the intestines, solids and fluid are moved through the

gut with peristaltic waves of the smooth muscles (Choi et al., 1997).

The pathophysiology of functional diarrhea may involve multiple mechanisms.
Alteration in colonic transit and hypersensitivity of the rectum seen in irritable bowel
syndrome (IBS) patients play a role in diarrhea. There is also rapid and increased
frequency of high-amplitude propagated contractions after food consumption in IBS.
Disturbances in the neural control, visceral nociception and abnormal motility
mediated by changes in neurotransmitters are also proposed to contribute to diarrhea
in these patients (Drossman et al., 2002; Quigley, 2006). Moreover, motility disorders
may cause diarrhea through both secretory and osmotic mechanisms. Increased

motility may decrease the time for the luminal contents to be in contact with the



epithelium for absorption resulting in secretory diarrhea. On the other hand, slow
transit may be associated with bacterial over growth and the ensuing bile acid

deconjugation, and steatorrhea (Camilleri, 2004; Choi et al., 1997).

1.5. Management of diarrhea
The therapeutic goals of diarrhea treatment are to manage the diet; prevent excessive
water, electrolyte, and acid-base disturbances; provide symptomatic relief; treat
curable causes of diarrhea; and manage secondary disorders causing diarrhea
(Barbara, 2006).
1.5.1. Non pharmacological therapy

Oral rehydration solutions

Oral rehydration solutions (ORS) are the first line treatment for diarrhea. Fluid and
electrolyte losses due to acute diarrhea can be adequately replaced orally by using

glucose-electrolyte solution of optimal concentration (WGO, 2012).

Supplemental zinc therapy, multivitamins, and minerals

Zinc has been shown to play critical roles for cellular functions, cellular growth and
function of the immune system. However, its deficiency is widespread among
children in developing countries (WHO, 2005). Routine zinc therapy, as an adjunct to
ORS is useful in modest reduction of the severity and frequency of diarrheal episodes
in children in developing countries. Supplementation with zinc sulfate reduces the
incidence, duration and severity of acute and persistent diarrhea (Galvao et al., 2013;
Lukacik ef al., 2008). The recommendation for all children with diarrhea is 20 mg of
zinc per day for 10-14 days (Infants aged 2 months or younger should receive 10
mg/day for 10-14 days). All children with persistent diarrhea should receive
supplementary multivitamins and minerals, including magnesium, each day for 2

weeks (WGO, 2012).



Probiotics, prebiotics and synbiotics

Probiotics including lactobacilli and Saccharomyces cerevisiae are useful in reducing
the severity and duration of acute infectious diarrhea in children. They are undergoing
investigation and are emerging as a viable option for the prevention and management
of antibiotic-associated, infectious (Clostridium difficile), and radiation-induced

diarrhea (Eddies & Gray, 2008; Hempel et al., 2012; Vrese & Marteau, 2007).

Prebiotics were originally defined by Gibson and Roberfroid (1995) as ‘‘non-
digestible food ingredients that beneficially affect the host by selectively stimulating
the growth and/or activity of one or a limited number of bacteria in the colon, and
thus improve host health.”” This criterion is fulfilled only by some indigestible but
fermentable carbohydrates such as inulin and lactulose (Vrese & Marteau, 2007).
Synbiotics refer to preparations in which probiotics and prebiotics are combined

(Hempel et al., 2012).

1.5.2. Conventional medicines
Antisecretory agents
These agents temporarily correct the imbalance of electrolytes and fluid in the small

intestine and colon (Beverly & Clarence, 2008).

Morphine and, more importantly, loperamide are potent anti-diarrheal agents. This
class of drugs is known to be active at p opiate receptors that mediate their inhibitory
effects on intestinal smooth muscle, but there was considerable interest in whether
these agents might also have direct antisecretory effects. /n vitro studies indicated that
both morphine and loperamide can inhibit chloride secretion induced by bacterial

enterotoxins and prostaglandin E, (Hughes et al., 1982; McKay et al., 1982).



Octreotide is a somatostatin analogue with documented antisecretory activity in
neuro-endocrine tumors like gastrinoma and carcinoid syndrome. Besides, octreotide
as an antisecretory agent is also very effective in management of acute infective

diarrhea induced by enterotoxines in adults (Abbas et al., 1996; Mehta et al., 2012).

Enkephalins are endogenous opioids in the gut that have pro-absorptive and
antisecretory activity in the small intestine. It is thought that enkephalins directly
inhibit the activity of adenylate cyclase linked delta (8) receptors on the enterocyte
basolateral membrane. They are degraded by membrane bound metalloproteinase,
enkephalinase (Turvill & Farthing, 1997). Racecadotril is an enkephalinase inhibitor,
and hence potentiates the action of enkephalins. It does not produce enteropooling and
rebound constipation. Besides, it lacks central nervous system side effects despite its
weak antisecretory activity (Primim et al., 1999). However, there is encouraging
evidence that treatment with it can provide clinically relevant symptomatic relief by

reducing the severity and duration of diarrheal episodes (Tormo et al., 2008).

Intracellular signaling mechanisms are obvious pharmacological targets for the
control of intestinal secretory processes. The phenothiazine, chlorpromazine inhibits
hormonal stimulation of cAMP and probably inhibits the effects of the calcium-
binding protein, calmodulin (Holmgren et al., 1978). Zaldaride maleate, another
calmodulin inhibitor, has been shown to have antisecretory activity in animal models

(Aikawa et al., 2000).

Crofelemer is a novel compound (purified proanthocyanidin oligomer) extracted from
the stem bark latex of the Croton lechleri (Tradtrantip et al., 2010). It is a first
antidiarrheal agent that simultaneously targets two distinct chloride channels, CFTR

and CaCC (Cottreau et al., 2012; Tradtrantip ef al., 2010). Its brand, Fulyzaq, is the

10



second botanical prescription drug approved by Food and Drug Administration in
2012 (FDA, 2012). Furthermore, it is primarily reserved for treatment of non-
infectious diarrthea in HIV/AIDS patients starting antiretroviral therapy (ART)

(Chordia & MacArthur, 2013).

Anecdotal experience with an a, adrenergic agonist, clonidine, suggests its utility in

diabetic diarrhea, but severe side effects limit its usefulness (Fedorak ef al., 1985).

Antiperistaltic Agents

Antiperistaltic drugs prolong intestinal transit time, thereby reducing the amount of
fluid lost in the stool. The drugs in this category include loperamide hydrochloride
and diphenoxylate hydrochloride with atropine sulfate. Both agents are effective in
relieving symptoms of acute non-infectious diarrhea and are safe for most patients
experiencing chronic diarrhea (Beverly & Clarence, 2008). Studies in humans showed
that the predominant effects in vivo were due to a decrease in the irregular motor
activity (phase II) of the migrating motor complex (Schiller et al., 1984). Although
loperamide have some antisecretory activity, the balance of opinion would attribute its
antidiarrheal action to its effects on gut motility (Hughes et al., 1982; Kachel ef al.,

1986).

Antimicrobial therapy

Antimicrobials are reliably helpful for children with bloody diarrhea (most likely
shigellosis), suspected cholera with severe dehydration etc (Guerrant et al., 2001).
Antiprotozoal drugs can be effective for diarrhea, especially for Giardia, Entamoeba
histolytica, and particularly for Cryptosporidium, with nitazoxanide (WGO, 2008).
Antimicrobials are considered to be the drugs of choice for empirical treatment of

traveler’s diarrhea and of community acquired secretory diarrhea when the pathogen

11


http://www.ncbi.nlm.nih.gov/pubmed?term=Chordia%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24070150
http://www.ncbi.nlm.nih.gov/pubmed?term=MacArthur%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=24070150

is known. Primary empiric antibiotics include fluoroquinolones such as ciprofloxacin
and levofoxacin. Azithromycin may be a feasible option when fluoroquinolone
resistance is encountered (Beverly & Clarence, 2008; Navaneethan & Giannella,
2010). Rifaximin is a rifamycin based, nearly non absorbable, gut selective antibiotic
with an excellent safety profile (Koo & Dupont, 2010). It was approved in the United
States in 2004 for the treatment and chemoprophylaxis of uncomplicated travelers’

diarrhea secondary to non-invasive E. coli (Hong & Kim, 2011).

1.5.3. Traditional medicines
Since the time immemorial, medicinal plants have played an invaluable role in the
development of potent therapeutic agents. Today, it is estimated that about 80% of
people in developing countries still rely on traditional medicine for their primary
health care. They are currently in demand and their popularity is increasing over time
as a potential source of modern medicines (Olajuyigbe & Afolayan, 2012; Pathak &
Das, 2013; Tiwari, 2008). Approximately 25% of modern medicines are directly
descended from plants first used traditionally. Many others are synthetic analogues
built from prototype compounds isolated from plants. Generally, 70% modern

medicines are derived from natural products (Pathak & Das, 2013).

There are many herbal plants that possess anti-diarrheal activity with lesser side effect
than the conventional drugs. Furthermore, tannins, alkaloids, flavonoids and
terpenoids are the main chemical constituents that are responsible for the anti-
diarrheal activity of the plants and may be due to antispasmodic and/or antisecretory
effects (Komal et al., 2013). Antispasmodic activity has been demonstrated for some
flavonoids such as quercetin, genistein, and rutin; terpenoids such as himachalol, 1,8-
cineol, and tymol; alkaloids such as himbacine, protopine, retuline, and metuenine

(Amin & Maham, 2015; Dicarlo et al., 1993; Saxena et al., 2013). Penta-m-digalloyl-
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glucose (PDQG), hydrolysable tannin extracted from Chinese gallnut, was examined as
antisecretory agent both in vivo and in vitro through inhibiting CFTR mediated

chloride channels (Wongsamitkl et al., 2010).

A range of medicinal plants such as bark extract of Albizia gummifera; leaf extract of
Calpurnia aurea, Myrtus communis, Artemisia afra and Croton marcostachyus; seed
extract of Coffea arabica; root extract of Echinops kebercho, Ensete ventricosum,
Cucumis ficifolius, Leonotis ocymifolia and Caylusea abyssinica have been widely
used for the management of diarrhea and related gastrointestinal disorders by
traditional healers in Ethiopia (d’Avigdor et al., 2014; Enyew et al., 2013; Etana,
2010; Teklehaymanot & Giday, 2007). Amongst them, the leave extracts of Calpurnia
aurea (Umer et al., 2013), Croton marcostachyus (Degu, 2014); root extracts of
Echinops kebercho (Shiferie & Shibeshi, 2013) have already evaluated scientifically.
However, the therapeutic potentials of some of these medicinal plants have not been
validated yet. Therefore, this study was undertaken to evaluate the acclaimed

traditional use of Myrtus communis L. in diarrheal diseases.

1.6. The Experimental plant
Botanical source and characteristics
Myrtus is a small genus belonging to the family Myrtaceae which includes
approximately 100 genera and 3000 species growing in temperate, subtropical and

tropical regions of the world (Ozkan & Guray, 2009).

Myrtus communis Linn is the only species of the genus found in the Northern
Hemisphere. It is an aromatic evergreen perennial shrub native to Southern Europe,
North Africa and West Asia. It is also distributed in South America, North Western

Himalaya and Australia and widespread in the Mediterranean region. Myrtus, the
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Greek name for Myrtle and communis means common plant growing in groups

(Aslam et al., 2010; Ozkan & Guray, 2009; Sumbul et al., 2011).

In Ethiopia, Myrtus communis L has several vernacular names such as Ades
(Ambharic, Guragegna, Tigregna); Haddus (hararegna), Addisaa, coddoo (Afan

Oromo); wobattaa (Welaitigna) (Hedberg et al., 2006; Tadesse & Mesfin, 2010).

The common myrtle as depicted in figure 2 has upright stem, 2.4-3 m high. The stem
of the plant is branched and dark green leaves are glossy, glabrous, coriaceous,
opposite, paired, ovate to lanceolate with stiff structure, aromatic, entire margined,
acuminate and 2.5-3.8 cm long. It has axillary white flowers on slender peduncles;
medium sized about 2 cm in diameter. They give off a sweet fragrant smell. The
berries are pea-sized, orbicular and blue-black. It is highly drought tolerant and needs
only little to moderate water. It can grow in damp places, shades as well as full sun up

to 800 m altitudes (Aslam et al., 2010; Ozkan & Guray, 2009; Sumbul ef al., 2011).

Figure 2: - Photographs of Myrtus communis Linn
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Traditional applications

Myrtus communis L is one of the most important drugs being used in Unani system of
medicine since ancient Greece period. It is a well-known shrub for its therapeutic,
cosmetic and food uses (Sumbul ef al., 2011). Since time of immemorial, the name
and use of it have been associated with myth and various rituals (Tadesse & Mesfin,
2010). It has been known more as a decorative hedge plant in Europe. Besides, in
Sardinia (Italy) and in the Mediterranean region, it is used to make a liqueur called

'Mirto' and as a culinary herb (Ozkan & Guray, 2009).

Myrtus communis has been frequently used for various ailments like gastric ulcer,
diarrhea, dysentery, rheumatism; cosmetic purposes as well as flavoring of food and
wines (Sumbul ef al., 2011). Various parts of it have also been used as folkloric repute
for the management of several disorders including hemorrhoid, inflammation,
pulmonary diseases (asthma) (Alipour et al., 2014), depression, polymenorrhea and
wound (Farzae et al., 2014). Besides, it has been used as vulnerary, cough
suppressant, and digestant effects (Tiwari, 2008), for relieving stress (Akaydin et al.,
2013), as hypotensive agent and for treatment of eczema and other skin diseases (the
decoction of leaf powder) (Sarri et al., 2014). Moreover, the leaves have been
traditionally used for the treatment of diarrhea in Pakistanian and Indian traditional
medicines (Haq ef al., 2011), in Turkish traditional medicine (leaves and/or fruits are
boiled and the stock is drunk) (Dogan & Ugulu, 2013), and in Iranian traditional

medicine (Farzae et al., 2014).

In Ethiopia, rural women mix the leaf extract of myrtle with raw butter and apply it to
their hair for improved bodily scent (Tadesse & Demissew, 1992; Tadesse & Mestin,
2010). It is also used as antipyretic and sedative agent (Jansen, 1981). In addition, it

has been used for the treatment of dandruff (bathing with crushed fresh leaves),
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diarrhea and stomach disorders (Juice of the leaf is taken orally in the morning in
Zegie peninsula, around Bahirdar) (Teklehaymanot & Giday, 2007), scabies (dried
leaf powder mixed with butter is applied topically) (Gebeyehu et al., 2014), headache

(the leaves are crushed, boiled with water and then drunk) (Getaneh & Girma, 2014).

Ethnopharmacological and phytochemical studies

Extensive ethnopharmacological studies revealed that the leaves have been shown to
possess promising antimicrobial activities (Alem et al., 2008; Ali et al., 2009;
Appendino et al., 2006; Mansouri et al., 2001; Sulaiman et al., 2013). Besides, its
essential oil showed potent antimicrobial activities against Helicobacter pylori
(Antonella et al., 2007) and clinical strains of Mycobacterium tuberculosis (Zanetti et
al., 2010). It was also effective against all isolates of Aspergillus species (essential
oil) (Mohammadi et al., 2008), Candida Albicans (all crude extracts) (Erdogan et al.,
2014), Leishmania tropica (both essential oil and methanol extracts) (Mahmoudvand

et al., 2015), and Plasmodium falciparum in vitro (essential oil) (Milhau et al., 1997).

Apart from this, the leaves have been shown to possess anti-inflammatory activities
(Al-Hindawi et al., 1989; Feisst et al., 2005), antioxidant activities (Bouaziz et al.,
2015), spasmolytic, bronchodilator and vasodilator activities (Janbaz et al., 2013).
Various leaf extracts also revealed anti-hyperglycemic (Elfellah et al., 1984),
antiulcer (Sumbul ef al., 2010), narcotic analgesic (Twaij et al., 2009), antilipidemic
and antithrombotic (Khan et al., 2014) and anticancer activities (Ogur, 2014). In
addition, its essential oil also revealed sedative-hypnotics (Walle er al., 2014),
anxiolytic (Hailu ef al., 2011; Moreira et al., 2014) and antimutagenic activities

(Mimica-Dukic et al., 2010).
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The leaves of Myrtus communis L were investigated to contain small amounts of
phenolic acids including caffeic, ellagic and gallic acids, and a flavonoid, quercetin
derivatives. On the other hand, flavonoids such as galloyl derivatives of catechin and
gallocatechin as well as myricetin derivatives are present in large amounts (Al-Hajjar
et al., 2012). Similarly, four hydrolyzable tannins, two polyphenolic compounds, and
four myricetin glycosides were isolated from the leaves of the plant (Yoshimura ef al.,
2008). The major terpenoids found in the essential oils of the leaves include a-pinene,

a-terpineol, linalool, and 1, 8-cineole (Khani & Basavand, 2012).

1.7. Rationale for the study
Remedies for diarrhea have been available for centuries including astringents, opiates
and antimicrobial agents. With the passage of time, many problems associated with
frequent use of synthetic drugs become prominent like emergence of resistance and
severe side effects (Farthing, 2006). Antibiotics are the major remedy of infectious
diseases including diarrhea; however, significant increase in antibiotic resistance has
been observed in common pathogens worldwide (Hellinger, 2000; Nguyen et al.,
2006). Bacteria of the genus Shigella expressed multiple resistances to various drugs
including ampicillin. The genus Campylobacter also exhibits significant resistance to

quinolones (Selimovic¢ ef al., 2012).

Despite the wide availability of drugs for treating diarrhea, majority of existing drugs
suffer from untoward effects like the induction of bronchospasm, and vomiting by
racecadotril (Tormo et al., 2008); intestinal obstruction and rebound constipation by
loperamide (Pankaj, 2006); undesirable central effects by long term use of morphine
and its analogs (Khansari et al., 2013; Parrish, 2008); upper respiratory tract
infections, bronchitis, cough etc by clofelemer (Fulyzaq) (FDA, 2012); acute

pancreatitis induced by nifuroxazide (Shindano et al., 2007); a-blocker associated
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hypotension by phenothiazines (Holmgren et al., 1978). Moreover, the attack rate of
the disease has remained unchanged and the treatment often fails in the high stool
output state with ORS usage (Farthing, 2004; WGO, 2012). Therefore, in recent
years, safe alternatives have been sought. There is a need for intensification of
research into medicinal plant claim to be effective for the management of diarrheal
diseases (Pankaj et al., 2006; Pokale & Kushwaha, 2011). Among these plants, the
leaves extract of Myrtus communis L has acclaimed folklore use as an antidiarrheal

agent.
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2. OBJECTIVES

2.1. General objective
+ To evaluate in-vivo antidiarrheal activities of SOME and solvent fractions of
the leaves of Myrtus communis L. in mice
2.2. Specific objectives
® To evaluate the acute toxicity profile of SOME of the leaves of Myrtus
communis L. in mice
® To evaluate the effect of SOME and solvent fractions (chloroform,
methanol and aqueous) of the leaves of Myrtus communis L. on castor oil
induced diarrheal model in mice
® To assess anti-motility activity of 8OME and solvent fractions of the leaves
of Myrtus communis L. on castor oil induced intestinal transit in mice
® To evaluate anti-enteropooling effect of SOME and solvent fractions of the
leaves of Myrtus communis L. on castor oil induced entero-pooling in mice
® To determine the phytochemical constituents present in SOME and solvent

fractions of the leaves of Myrtus communis L.
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3. MATERIALS AND METHODS

3.1. Drugs and chemicals
All solvents used for the extraction process are of laboratory grade. Drugs and
chemicals used in the study include: castor oil (Amman Pharmaceutical Industries,
Jordan), activated charcoal (Acuro Organics Ltd, New Delhi, India), Loperamide
(Daehwa Pharmaceuticals, Republic of Korea), distilled water (Ethiopian
Pharmaceutical Manufacturing Factory, Epharm, Ethiopia), Tweens 80 (Atlas
Chemical Industries Inc, India), chloroform (Hi-Media Laboratory Reagents, India),
methanol (Carlo Erba reagents, S.A.S, France), glacial acetic acid (BDH Laboratory
Supplies Poole, England), sulfuric acid (BDH Laboratory Supplies Poole, England),
ammonia(BDH Limited poole, England), hydrochloric acid(BDH Laboratory Supplies
Poole, England), acetic anhydride (May and Baker LTD Dagenham, England), ferric
chloride (BDH Laboratory Supplies Poole, England), Mayer's and Dragendorff’s

reagents(May and Baker LTD Dagenham, England).

3.2. The plant material
The leaves of Myrtus communis L. were collected from Merssa town, Habru woreda,
North Wollo zone, Amhara region (490 km North East of Addis Ababa) in October,
2014. The plant was authenticated by a taxonomist and a voucher specimen (number
MS002) was deposited at the National Herbarium, College of Natural and
Computational Sciences, Addis Ababa University (AAU) for future reference. The
leaves of Myrtus communis L were washed gently, and dried at room temperature
under shade for 2 weeks. The dried leaves were then reduced to appropriate size using

mortar and pestle.
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3.3. Experimental animals
Healthy Swiss albino mice of either sex, weighing 20-30 g and aged 6—8 weeks were
used for the experiment. The mice were obtained from animal house of School of
Pharmacy, AAU and Ethiopian Public Health Institute (EPHI). The animals were kept
in plastic cages at room temperature and on a 12 h light/dark cycle with access to
pellet food and water ad libitum. Mice were acclimatized to laboratory condition for
one week prior to the experiments. Food was withdrawn 18 h prior to the beginning of
all the experiments. However, water was accessed except in entero-pooling model,
where both food and water were withdrawn. The care and handling was according to
international guidelines for the use and maintenance of experimental animals
(Institute for Laboratory Animal Research, 1996; National Research Council, 2011;

Organization for Economic Cooperation and Development (OECD), 2008).

3.4. Extraction of the plant material
3.4.1. Preparation of 80ME
The extraction was carried out by maceration technique using 80% methanol as a
solvent. Hundred fifty gram of the dried powder was weighed using electronic digital
balance (Mettler Toledo, Switzerland) and added to an Erlenmeyer flask (2 L) to
which 500 ml of 80% methanol solvent was poured in the first round. The plant
material was macerated for 72 h with occasional shaking using mini orbital shaker
(Bibby scientific limited stone Stafford shire, SI150SA, UK) tuned to 120 rpm. The
extract was filtered through double layered muslin cloth followed by Whatman (No.1)
filter paper (Schleicher and Schuell Microscience Gmbh, Germany). The marc was
then re-macerated for a second and third time by adding another fresh solvent. The
resultant filtrates were combined and concentrated using a rotary evaporator (Buchi

labortechnik AG, Switzerland) under reduced pressure at 40°C. A dark green paste was
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obtained and kept into deep freezer (AFTRON AFF 545, Denmark) to solidify. The
residual aqueous solvent was then removed using a lyophilizer (Operon, Korea
vacuum limited, Korea). The percentage yield of SOME was then found to be 16.33%

(w/w). Finally, the extract was kept in deep freezer with air tight container until use.

3.4.2. Preparation of solvent fractions
Both Soxhlet and maceration techniques were used for extraction of the plant
material. The initial procedure resembles to that of the 8OME except that the dried
leaves were pulverized to coarse powder using mortar and pestle and then sieved to
maintain uniformity of particle size. From this, 150 g dry powder was subjected to
successive soxhlet extraction with solvents of increasing polarity (chloroform and
methanol) followed by maceration of the marc of methanol with distilled water

(Bainiwal et al., 2013; Degu, 2014).

In every batch, 50 mg of the powdered plant material was added in the extraction
thimble which in turn was placed into the chamber of Soxhlet apparatus. First, 350 ml
chloroform was added into the bottom flask fixed with Soxhlet apparatus and was
heated until clear liquid contents of the chamber siphoned into the solvent flask (until
exhaustive extraction with the solvent of interest) (Rahman et al., 2011). The
chloroform fraction was then filtered with suction filter and then concentrated using
rotary evaporator under reduced pressure set at 40°C followed by oven at room
temperature for 48 h (Zavala-Mendoza et al., 2013). The marc in the thimble was

collected and then dried overnight at room temperature to remove chloroform.

The residue (marc) left was then extracted using methanol using the same procedure

as described for the chloroform fraction to get the methanol fraction except that it was
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kept for a week in oven at room temperature for drying. Besides, the marc of

methanol fraction was then collected and dried at room temperature.

Finally, the whole dried marc was combined from the three batches and macerated in
an Erlenmeyer flask with distilled water and allowed to stand at room temperature for
a period of 3 days in each round (total of 9 days) with occasional shaking using mini
orbital shaker. The procedure utilized for extraction of 80ME was repeated except that
lyophilization rather than vaporization was used to concentrate the extract. After
drying, the percentage yields of all fractions were determined and found to be 5.2%,
13.8% and 7.2% for the chloroform, methanol and aqueous fractions, respectively.

The fractions were kept in deep freezer with air tight containers till use.

3.5. Acute oral toxicity test
Acute toxicity test was performed according to the OECD 425 (2008) guideline for
the 8OME. Initially, a single female mouse was fasted for 3 h and was loaded with
2000 mg/kg of the 8OME as a single dose by oral gavage. It was then observed for any
sign of toxicity within the first 24 h. Based on the results of the first mouse, another 4
female mice were recruited and fasted for 3 h. Thereafter, they were given the same

dose and were observed for any sign of toxicity or death in the next 14 days.

3.6. Grouping and dosing
Mice were randomly assigned into five groups of six animals each to perform
antidiarrheal activities using three models for both 80ME and solvent fractions. All
groups were provided with their respective treatments using oral gavage. The first
group was assigned as negative control and received a vehicle (distilled water for
80ME, methanol and aqueous fractions; and 2% tweens-80 for the chloroform
fraction) at a volume of 10 ml/kg. The second group was assigned as positive control

and the standard drug, Loperamide (3 mg/kg) was administered orally for all tests. For
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the test groups, three dose levels were determined based on the acute toxicity test (A
middle dose, which is one-tenth of the dose utilized during acute toxicity study; a low
dose, which is half of the middle dose, and a high dose which is twice of the middle
dose) (OECD, 2008). Hence, the test groups were given 100 mg/kg, 200 mg/kg and

400 mg/kg of 8OME of the leaves of Myrtus communis L.

Coming to solvent fractions, however, the test groups were treated with various doses
of the fractions (200 mg/kg, 300 mg/kg and 400 mg/kg respectively, with additional
dose of 800 mg/kg for the aqueous fraction). Appropriate doses for the fractions were
selected based on the study carried out using the 8OME as well as a series of pilot
studies of each fraction. The 80ME as well as solvent fractions were reconstituted
with the respective vehicles at appropriate concentrations. The solutions were

prepared fresh on the day of the experiments.

3.7. Determination of antidiarrheal activity
3.7.1. Castor oil induced diarrhea
The method followed by Umer et a/ (2013) was used for this study. Swiss albino mice
of either sex were fasted for 18 h and randomly allocated to five groups of six animals
each and treated as described under section 3.6. One hour after administration of the
respective doses, all animals were given 0.5 ml of castor oil. Thereafter, they were
individually placed in cages where the floor was lined with white paper. During an
observation period of 4 h, onset of diarrhea (the time interval between the
administration of castor oil and the arrival of the first diarrheal stool in minutes),
frequency of defecation (the number of wet and total feces) as well as the weight of

fecal output (wet and total feces in gm) were recorded for individual mouse.
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The percentages of diarrheal inhibition as well as weight of wet and total fecal output
were determined according to the formulae I-III (Ara et al., 2013; Degu, 2014;

Tadesse et al., 2014 ).

Average number of WFC — Average number of WFT 100
ES

1. 9 inhibiti =
% of inhibition Average number of WFC

Where, WFC = average number of wet feces in control group and

WFT = average number of wet feces in test group.

Mean weight of wet feces of each group
I1. Percentage ofwet fecal output = - * 100
Mean weight of wet feces of control

Mean fecal weight of each group
%

100
Mean fecal weight of control

I11. Percentage of total fecal output =

3.7.2. Castor oil induced charcoal meal test /gastrointestinal motility
All mice were fasted for 18 h and divided into five groups of six each for 80ME and
each solvent fraction and treated as described under section 3.6. 1 h later, 0.5 ml
castor oil was administered. Then, 1 ml of marker (5% activated charcoal suspension
in distilled water) was administered orally 1 h after castor oil treatment. The animals
were then sacrificed after an hour and the small intestine was dissected out from
pylorus to caecum. The distance travelled by the charcoal meal from the pylorus was
measured and expressed as percentage of the total length of the small intestine from
the pylorus to caecum (peristaltic index) as shown in formula I. The percentage of
inhibition was then expressed using the formula II (Yasmeen et al., 2010; Degu,

2014).

distance travelled by charcoal meal

I.  Peristaltic index(PI) = * 100

whole length of small intestine

. Y Pl of control group—PI of test grou
II. % inhibition = f group—Plof test grour 14

PI of control group
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3.7.3. Castor oil induced enteropooling activity
Intraluminal fluid accumulation was determined using the method described by Islam
et al (2013). Mice of either sex were deprived of both food and water for 18 h and
divided into five groups of six animals each and treated as described under section 3.6
one hour prior to oral administration of castor oil (0.5ml/mouse). One hour after
castor oil administration, the mice were sacrificed by cervical dislocation. The
abdomen of each mouse was opened; the whole length of small intestine was then
taken from the pyloric sphincter to ileo-caecal junction; ligated at both ends and
dissected out carefully. Their full small intestines were weighed and intestinal
contents were then collected by gentle milking into a graduated tube and hence the
volume of intestinal contents was measured. The intestines were reweighed and the
difference between the full and the empty intestines was calculated. Eventually, the
percentage inhibitions of the volume and weight of intestinal contents were
determined according to the formulae I and II respectively (Mamza et al., 2014,

Robert et al., 1976).

L VICC—MVICT
I.  Percentage of inhibition = pvIce -meT « 100
Mvicc

Where, MVICC = Mean volume of the intestinal content of the control group,
MVICT = Mean volume of the intestinal content of the test group.

II.  Percentage of inhibition = MwrCe -IET 100
Mwicc

Where, MWICC = Mean weight of the intestinal content of the control group,
MWICT = Mean weight of the intestinal content of the test group.

3.7.4. In vivo anti-diarrheal index
The in vivo antidiarrheal index (ADI) for the 80ME, solvent fractions and standard

drug were determined by combining three parameters taken from the afforementioned
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models. It was then expressed according to the following formula (Aye-than et al.,

1989; Okpo et al., 2011).

In vivo anti diarrheal index (ADI) = 3\/Dfreq xGmeq xPfreq

Where: Dfreq = Delay in defecation time or diarrheal onset (in % of control), Gmeq =
Gut meal travel reduction (in % of control) and Pfreq = purging frequency as number
of wet stool reduction (in % of control).

3.8. Preliminary phytochemical screening
The qualitative phytochemical investigations of the 80% methanol extract and the
solvent fractions of the leaves of Myrtus communis L were carried out using standard

tests (Bhandary et al., 2012; Farhan et al., 2012; Zohra et al., 2012)

Test for terpenoids (Salkowski test)

To 0.30 gm of each of 80% methanol and solvent fractions of the leaves of Myrtus
communis, 2 ml of chloroform was added. Then, 3 ml concentrated sulfuric acid was
carefully added to form a layer. A reddish brown coloration of the interface indicates

the presence of terpenoids.

Test for saponins (Foam test)
To 0.30 gm of each of 80% methanol and solvent fractions, 5 ml of distilled water
was added in a test tube. Then, the solution was shaken vigorously and observed for a

stable persistent froth. Formation of froth indicates the presence of saponins.

Test for tannins (ferric chloride test)
About 0.30 gm of each of 80% methanol and solvent fractions was boiled in 10 ml of
water in a test tube and then filtered. A few drops of 0.1% ferric chloride were added.

A brownish green or a blue-black precipitate indicated the presence of tannins.
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Test for flavonoids

About 10 ml of ethyl acetate was added to 0.30 gm of each extracts and heated on a
water bath for 3 min. The mixture was cooled and filtered. Then, About 4 ml of the
filtrate was taken and shaken with 1 ml of dilute ammonia solution. The layers were
allowed to separate and the yellow color in the ammoniacal layer indicated the

presence of flavonoids.

Test for cardiac glycosides (Keller-Killiani test)

To 0.30 gm of each extracts diluted to 5 ml in water was added to 2 ml of glacial
acetic acid containing one drop of ferric chloride solution. This was underlayed with 1
ml of concentrated sulfuric acid. A brown ring at the interface indicated the presence
of a deoxysugar characteristic of cardenolides. A violet ring may appear below the
brown ring, while in the acetic acid layer a greenish ring may form just above the

brown ring and gradually spread throughout this layer.

Test for steroids (Liebermann-Burckhardt test)
Two ml of acetic anhydride was added to 0.30 g of each extracts with 2 ml
chloroform. Then, 1 ml of concentrated sulfuric acid was added. The formation of

dark green color in some samples indicated the presence of steroids.

Test for alkaloids (Mayer's and Dragendorff’s test)

0.50 g of each extract was diluted to 10 ml with acid alcohol, boiled, and filtered. To
5 ml of the filtrate, 2 ml of dilute ammonia and 5Sml of chloroform was added and
shaken gently to extract the alkaloidal base. The chloroform layer was extracted with
10 ml of acetic acid. This was divided into two portions. Mayer’s reagent was added

to one portion and Dragendorft’s reagent to the other. The formation of a cream (with
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Mayer’s reagent) or reddish brown precipitate (with Dragendorff’s reagent) was

regarded as positive for the presence of alkaloids.

3.9. Statistical analysis
Results are expressed as mean =+ standard error of the mean (SEM). The experimental
results were analyzed using the software Statistical Package for Social Sciences
(SPSS), version 16. Statistical significance was determined by one way analysis of
variance (ANOVA) followed by Tukey Kramer post Hoc test. P-value of less than
0.05 was considered statistically significant. Coefficient of determination (R?), using
linear regression analysis, was determined where appropriate. The analyzed data were

then presented using tables and figure.
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4. RESULTS

4.1. Acute oral toxicity test
The 8OME of the leaves of Myrtus communis L. produced neither overt toxicity nor
death during the 14 days observation period following oral administration of a single
dose of 2000 mg/kg. In addition, neither food nor water intake was found to be
reduced during the period. The absence of mortality and signs of overt toxicity up to 5
times the maximum effective dose of the extract suggested that SOME has a wider
safety margin and LDs, value greater than 2000 mg/kg in mice.
4.2. Effects on castor oil induced diarrheal model

In the castor oil-induced diarrheal model, as presented in table 1, the 8OME of the
leaves of Myrtus communis L. significantly prolonged the onset of diarrhea and
reduced the frequency and weight of wet and total stools at doses of 200 mg/kg and
400 mg/kg as compared to the control. The 100 mg/kg of the extract, however,
showed statistically significant effect only on some parameters of diarrhea:- frequency
of wet feces (p<0.001) and weight of wet (p<<0.001) and total (p < 0.05) fecal outputs.
Moreover, a significance difference was obtained when the effects of 100mg/kg were
compared with 400 mg/kg and standard drug in all of the parameters except in
delaying onset of diarrhea. Besides, the data revealed that the percentage of diarrheal
inhibitions were 42.58% (p<0.01), 62.52% (p<0.001), and 74.96 % (p<0.001) at the
doses of 100 mg/kg, 200 mg/kg, and 400 mg/kg respectively. The maximum dose of
this extract produced the utmost antidiarrheal effect comparable to the standard drug

(72.56%, p<0.001).

Amongst the solvent fractions, only 400 mg/kg of the chloroform and methanol
fractions produced a significant delay in initiation of diarrhea (p<0.05). The

percentage of diarrheal inhibitions obtained as compared to control were 51.23%
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(p<0.05) and 58.92 % (p<0.05) at the doses of 300 mg/kg and 400 mg/kg chloroform
fractions respectively. The chloroform fraction also showed a significant reduction in
weight of both wet and total fecal output at 300 mg/kg (p < 0.05) and 400 mg/kg (p<
0.05). Similarly, the methanol fraction significantly decreased the frequency and
weight of wet feces at doses of 300 mg/kg (p< 0.05; p< 0.05) and 400 mg/kg (p<
0.05; p< 0.01) respectively, with the highest percentage of diarrheal inhibition
(62.67%, p <0.05) obtained at the latter dose of this fraction compared to the control.
However, 300 mg/kg of both fractions did not have any significant effect on number
of total fecal outputs. On the contrary, the aqueous fraction was devoid of any
significant delay in onset of diarrhea at all tested doses as compared with the
respective negative control even if significant diarrheal reduction was seen at doses of

800 mg/kg (53.33%, p< 0.05).

As depicted in Figure 3, there was a dose-dependent reduction in the percentage of
weight of wet and total fecal outputs in 80ME (R’=0.970; R* =0.949, p<0.05),
chloroform (R2=0.995; R2=0.955, p<0.05), and methanol fractions (R2= 0.999;
R?=1.000, p<0.01) respectively, with 400 mg/kg of the 8OME displaying the highest
effect (22.22% and 27.03%). As compared to the standard drug (25.00%, 29.33%),
the 80ME at its 400 mg/kg revealed the greatest effect to lessen the percentage of
fecal output. Besides, both the chloroform and methanol fraction revealed moderate
reduction in the percentage of both mean wet and total fecal outputs with 400 mg/kg
methanol fraction showing the maximum reduction among the solvent fractions. On
the other hand, the aqueous fraction showed minimal inhibition of percentage of both

fecal outputs except at 800 mg/kg.
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Table 1:- Antidiarrheal effects of SOME and solvent fractions of the leaves of Myrtus communis Linn on castor oil induced diarrheal

model in mice

Extracts Dose administered Onset of No of Total No Average weight of Average weight of %
Diarrhea (Min) wet feces of feces wet feces (gm) total feces (gm) reduction
Control 76.67 +7.99 6.67 £0.49 7.00 +0.52 0.36 + 0.02 037+0.02 e
E 100mg/kg 109.67 + 12.15 3.83 + 07011 4.50 +0.72°'1 0.20 + 0.02°2°2% 0.21 + .02 42.58
= 200 mg/kg 145.00 + 21.77* 2.50 +0.50" 3.00 £ 0.68" 0.14 +0.03" 0.15+0.03* 62.52
® 400 mg/kg 173.83 +£18.03* 1.67 + 0.49 2.67+0.72* 0.08 + 0.02* 0.10+0.03" 74.96
3 mg/kg loperamide  161.50 + 16.93* 1.83 £0.40* 2.83 +0.60" 0.09 + 0.02* 0.11+0.02" 72.56
Control 80.17 + 4.34 6.50 + 0.43 6.83 + 0.54 0.35+0.03 036+0.04 -
CF200mg/kg 123.33 + 23.81 4.00 £ 1.00 433 +1.08 0.20 + 0.05 0.21 +0.06 38.46
CF300 mg/kg 140.50 + 19.99 3.17 £ 0.65" 3.67+0.76 0.16 + 0.03"! 0.17 = 0.04"! 51.23
CF400 mg/kg 152.00 +21.01°* 2.67 +0.76" 3.17 £ 0.83" 0.13 + 0.04°! 0.15 = 0.04"! 58.92
2 3 mg/kg loperamide ~ 165.83 +33.17* 1.67 £ 0.76™ 233+ 1.05" 0.08 + 0.04% 0.09 + 0.04% 7431
2 Control 69.33 + 8.98 7.50 + 1.34 8.17+1.28 0.42 +0.05 045+0.05 -
g MF200mg/kg 104.33 + 6.14 5.17 + 0.40"" 5.67 = 0.49" 0.29 +0.03"! 0.30 + 0.04"! 31.07
& MF300 mg/kg 136.00 + 29.02 3.83 +0.87°! 433 +1.05 0.22 + 0.06"! 0.24 + 0.06"! 48.93
N
s MF400 mg/kg 155.50 + 26.89"! 2.83 +0.95" 3.50 +1.23" 0.14 £ 0.06 0.17 £ 0.06" 62.67
% 3 mg/kg loperamide  166.83 + 25.23" 1.83 +0.70* 2.33+0.92" 0.09 + 0.03* 0.11 +0.04" 75.56
«n Control 69.33 + 8.98 7.50 + 1.34 8.17+1.28 0.42+0.05 045+0.05 -
AF200mg/kg 70.83 + 6.53°4! 6.83 + 0.70°HNImInt 7 67 £0. 677NN (039 £ 0,028 52 (.42 + 0,022 8.93
AF300 mg/kg 77.67 + 4.86°1™! 6.33 + 07254 6.67 +0.76"4™ 0.35+ 0,032l 36+ 0,042 15.60
AF400 mg/kg 81.00 + 3.53" 5.67 +0.62°9™ 6.50 + 0.62"4! 0.32+ 0.02°%™! 0.33 + 0.02°4™! 24.40
AF800 mg/kg 134.67 +32.67 3.50 + 0.99°! 433 +1.22% 0.18 = 0.052 0.21 +0.052 53.33
3 mg/kg loperamide ~ 166.83 +25.23* 1.83 +0.70* 2.33+0.92% 0.09 + 0.03” 0.11+0.04" 75.56

Values are mean =SEM (n= 6); analysis was performed using one way ANOVA followed by Tuckey post hoc test; , * compared with control values; ° compared with loperamide; ¢
compared with 100 mg/kg; 4 compared with 200 mg/kg; “compared with 300 mg/kg;  compared with 400 mg/kg; & compared with 800 mg/kg, " compared with CF200, ' compared
with CF300, ) compared with CF400, *compared with MF200, ™ compared with MF 300, ™ compared with MF 400; 'p<0.05, *p<0.01, *p<0.001; CF= chloroform fraction, MF=

methanol fraction, AF=aqueous fraction. Controls are 10 ml/kg- distilled water (for S0ME, methanol and aqueous fractions) and 2% tweens-80 (for chloroform extract).
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Figure 3: Percentage of weight of fecal output of the 8OME and solvent fractions of the leaves of Myrtus communis L on castor oil

induced diarrheal model in mice
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4.3. Effects on castor oil induced intestinal transit in mice
As presented in the Table 2, the 80ME significantly inhibited the intestinal transit of
charcoal meal at all tested doses. The data revealed that the percentage reduction of
gastrointestinal transit of charcoal was 33.54% (p< 0.001), 46.12% (p< 0.001), and
62.31% (p <0.001) at doses of 100 mg/kg, 200 mg/kg, and 400 mg/kg respectively.
The maximum dose of this extract showed comparable anti-motility effects to that of

the standard (59.61%, p< 0.001).

The chloroform fraction also significantly inhibited the gastrointestinal transit of
charcoal meal at doses of 300 mg/kg (35.11%, p<0.05) and 400 mg/kg (44.86 %,
p<0.01) as compared to the control. In addition, the methanol fraction had statistically
significant inhibitory effect on gastrointestinal transit of charcoal meal at the doses of
300 mg/kg and 400 mg/kg with the utmost inhibitory effect observed by the latter
dose amongst all solvent fractions (47.54%, p<0.001). On the contrary, the aqueous
fraction produced a significant decrease in the propulsive movement of the charcoal
meal through the small intestine only at the dose of 800 mg/kg (38.61%, p<0.01) as

compared to the respective control.
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Table 2:- Effects of S0ME and solvent fractions of the leaves of Myrtus communis L on gastrointestinal transit in mice

Types of Dose administered Length of small intestine Distance moved by Peristaltic index %
Extracts (cm) the charcoal meal (cm) (%) inhibition
Control 56.17+1.42 36.67+1.94 65.09+225 e
= 100 mg/kg 58.33 + 0.80 25.17 + 2,430 43.26 + 4,37 33.54
> 200 mg/kg 58.67 £1.12 20.05 +1.09% 35.07 £2.27% 46.12
=4 400 mg/kg 58.17+2.01 14.33 £ 1.65% 24.53 +2.53% 62.31
3 mg/kg loperamide 56.33+1.28 14.83£0.91% 26.29 + 1.34% 59.61
Control 57.67+1.76 36.17 £4.18 6233+£606 e
CF200 mg/kg 56.33 + 1.08 25.17 + 3.46" 44.88 + 6.39"! 27.99
CF300 mg/kg 59.50 + 1.09 24.00 + 1.39" 40.44 + 2.60" 35.11
CF400 mg/kg 60.17 + 1.89 20.67 + 2.43% 3437 +3.91% 44.86
- 3 mg/kg Loperamide ~ 56.83 + 1.11 14.00 + 1.41% 24.58 +2.32% 60.56
=
£ Control 58.50 £ 0.67 36.83 +3.21 6281511 e
§ MF200 mg/kg 59.17 +1.38 29.17 £ 1.96% 49.47 + 3.47% 21.24
= MF300 mg/kg 59.50 + 1.41 24.00 + 3.33% 40.29 + 5.48%! 35.85
= MF400 mg/kg 59.00 £ 1.59 19.17 +3.27% 32.95 + 5.99% 47.54
@ 3 mg/kg Loperamide ~ 56.33 + 1.28 13.67 +1.52% 24.20 +2.55% 61.47
(=]
) Control 58.50 + 0.67 36.83 +3.21 6281511 e
AF200 mg/kg 56.83 +0.95 34,00 + 1.8303e 59.79 + 2.9gv3elin2 481
AF300 mg/kg 56.83 +1.92 31.00 + 2.05"%! 54.91 + 4,330 12.58
AF400 mg/kg 59.17+0.98 29.50 + 3.09" 49.79 + 4.95" 20.73
AF800 mg/kg 56.83+1.17 21.83 +3.55% 38.56 + 6.29% 38.61
3 mg/kg Loperamide ~ 56.33 +1.28 13.67 + 1.52% 24.20 +2.55% 61.47

Values are mean =SEM (n= 6); analysis was performed using one way ANOVA followed by Tuckey post hoc test; , * compared with control values; ® compared with loperamide; ¢
compared with 100 mg/kg; 4 compared with 200 mg/kg; “compared with 300 mg/kg;  compared with 400 mg/kg; & compared with 800 mg/kg, " compared with CF200, ' compared
with CF300, ) compared with CF400, *compared with MF200, ™ compared with MF 300, ™ compared with MF 400; 'p<0.05, *p<0.01, *p<0.001; CF= chloroform fraction, MF=

methanol fraction, AF=aqueous fraction. Controls are 10 ml/kg- distilled water (for SOME, methanol and aqueous fractions) and 2% tweens-80 (for chloroform extract).
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4.4. Effects on castor oil induced enteropooling
In intestinal fluid accumulation test, the SOME of the leaves of Myrtus communis L
showed significant reduction in both the average volume and weight of intestinal
contents at all tested doses as compared to control. As the data revealed in table 3, the
percentage inhibition of volume of intestinal contents was found to be 25.58%
(p<0.01), 38.37% (p<0.001), and 46.51% (p<0.001) at doses of 100 mg/kg, 200

mg/kg, 400 mg/kg respectively.

The chloroform and methanol fractions reduced the volume and weight of the
intestinal contents significantly at doses of 300 mg/kg and 400 mg/kg only. Maximum
percentage inhibition of the volume of intestinal contents was observed at 400 mg/kg,
being 38.46 % (p<0.01) and 40.96% (P<0.01) for chloroform and methanol fractions,
respectively. Generally, both the chloroform and methanol fraction showed
comparable percent reduction of both volume and weight of intestinal contents at all
tested doses. On the contrary, the aqueous fraction was devoid of any significant
inhibitory effect on the volume and weight of intestinal contents up to 400 mg/kg as
compared with the respective control. However, significant inhibitory effects were
seen at dose of 800 mg/kg being 33.74% (p<0.01) and 30.90% (P<0.01) for percent

reduction of volume and weight of intestinal contents respectively (Table 3).
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Table 3:- Effects of SOME and solvent fractions of the leaves of Myrtus communis L on gastrointestinal fluid accumulation in mice

Extracts Dose administered Volume of intestinal % inhibition Weight of intestinal % inhibition
contents (ml) contents (gm)
Control 086+007 e 1.12£0.03 e
- 100mg/kg 0.64 + 0,041 25.58 0.91 + 0.05™!" 18.75
= 200 mg/kg 0.53 £0.03% 38.37 0.77 £ 0.06" 31.25
= 400 mg/kg 0.46 £+ 0.02% 46.51 0.70 £ 0.02* 37.50
3 mg/kg loperamide 0.47 + 0.04% 45.35 0.71 +0.03" 36.61
Control 0.78+0.08 e 1.02+0.07 e
CF200mg/kg 0.61 +0.07" 21.79 0.85+0.07" 16.67
CF300 mg/kg 0.53 +0.04" 32.05 0.75 + 0.04" 26.47
CF400 mg/kg 0.48 + 0.04™ 38.46 0.69 + 0.03" 32.35
- 3 mg/kg loperamide 0.43 £ 0.06" 44.87 0.66 + 0.05 35.29
é Control 083+006 e 1.10£0.03 e
= MF200mg/kg 0.67 £ 0.04"" 19.28 0.93+0.07" 15.45
3":‘ MF300 mg/kg 0.58+ 0.03"! 30.12 0.81 + 0.04™ 26.36
s MF400 mg/kg 0.49 + 0.08" 40.96 0.73 + 0.08" 33.64
% 3 mg/kg loperamide 0.47 +0.04 43.47 0.68 + 0.02" 38.18
«n Control 083+006 e 1.10£0.03 e
AF200mg/kg 0.76 + 00421 8.43 1.02 + 0.05"e%! 8.18
AF300 mg/kg 0.73 + 0.07°4™! 12.05 0.98 + 0.07°!! 10.91
AF400 mg/kg 0.68 + 0.07 18.07 0.93 +0.05"! 15.45
AF800 mg/kg 0.55+0.02* 33.74 0.76 + 0.03" 30.90
3 mg/kg loperamide 0.47 £ 0.04% 43.47 0.68 +0.02* 38.18

Value
s are

mean +SEM (n= 6); analysis was performed using one way ANOVA followed by Tuckey post hoc test; , * compared with control values; ® compared with loperamide; ¢ compared
with 100 mg/kg; ¢ compared with 200 mg/kg; “compared with 300 mg/kg; © compared with 400 mg/kg; & compared with 800 mg/kg, " compared with CF200, ' compared with
CF300,  compared with CF400, *compared with MF200, ™ compared with MF 300, " compared with MF 400; 'p<0.05, *p<0.01, *p<0.001; CF= chloroform fraction, MF= methanol
fraction, AF=aqueous fraction. Controls are 10 ml/kg- distilled water (for 80ME, methanol and aqueous fractions) and 2% tweens-80 (for chloroform extract).
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4.5. In vivo antidiarrheal index
The in vivo antidiarrheal index (ADI) was measured by considering three parameters
as shown in Table 4. These are delay in defecation (time of onset, Dfreq), gut meal
travel distance (Gmeq) and purging frequency in number of wet stools. The greatest in
vivo ADI was achieved at the dose of 400 mg/kg of 80ME (83.96%) which is
comparable to the standard drug, loperamide (78.22%). Among the solvent fractions,
methanol fraction showed the highest in vivo ADI (71.81%) at doses of 400 mg/kg.
Both 80ME and solvent fractions showed dose dependent increment in ADI value
(80% methanol extract (R*=0.944), chloroform fraction (R*=0.997), methanol fraction

(R?=0.991), aqueous fraction (R*=0.999)).
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Table 4:- In vivo antidiarrheal indices of 80ME and solvent fractions of the leaves of Myrtus Communis

Extracts Dose administered Delay in defecation Gut meal travel Purging frequency In vivo
(time of onset in Min, distance (Gmeq) in number of wet stools antidiarrheal
Dfreq) (%) (%) (%) index (ADI)
Control e e e e
= 100mg/kg 43.04 33.54 42.58 39.47
> 200 mg/kg 89.12 46.12 62.52 63.58
2 400 mg/kg 126.72 62.31 74.96 83.96
3 mg/kg loperamide 110.64 59.61 72.56 78.22
Control e sTeem s
CF200mg/kg 53.84 27.99 38.46 38.69
CF300 mg/kg 75.25 35.11 51.23 51.34
CF400 mg/kg 89.59 44.86 58.92 61.87
- 3 mg/kg loperamide 106.85 60.56 74.31 78.34
.5 Control e e e e
S MF200mg/kg 50.48 21.24 31.07 32.18
&= MF300 mg/kg 96.16 35.85 48.93 55.25
E:; MF400 mg/kg 124.29 47.54 62.67 71.81
% 3 mg/kg loperamide 140.63 61.47 75.56 86.76
e Control e e e e
AF200mg/kg 2.16 4.81 8.93 4.53
AF300 mg/kg 11.54 12.58 15.60 13.13
AF400 mg/kg 16.83 20.73 24.40 20.42
AF800 mg/kg 94.24 38.61 53.33 57.89
3 mg/kg loperamide 140.63 61.47 75.56 86.76

CF =chloroform fraction, MF=methanol fraction, AF= aqueous fraction
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4.6. Preliminary phytochemical screening

Evaluation of the preliminary phytochemical screening of the 80ME of the leaves
of Myrtus communis L. revealed the presence of terpenoids, flavonoids, tannins,
glycosides and saponins but alkaloids and steroids were absent. Amongst the
solvent fractions, the data revealed that alkaloids were not detected in all solvent
fractions and trace amounts of steroids were detected in the chloroform fraction
only. On the other hand, terpenoids and flavonoids were detected in both
chloroform and methanol fractions. Tannins were common across all fractions.
Glycosides and saponins were also observed in both methanol and aqueous
fractions. Amongst all, the 8OME and the methanol fraction appeared to be
relatively rich in secondary metabolites (Table 5).

Table 5:- Preliminary phytochemical screening of the 80 % methanol extract and
solvent fractions of the leaves of Myrtus communis L.

Constituents Crude extract Solvent fraction
SOME Chloroform Methanol Aqueous

Cardiac glycosides + _ + +
Flavonoids + + + -
Alkaloids _ _ - -
Saponins + _ + +
Steroids B + _ _
Tannins + + + +
Terpenoids + + + _

+ = present, - = absent
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5. DISCUSSION

Medicinal plants, although assumed to be safe, are potentially toxic which
necessitates investigation of their safety status (Getahun, 1976; Ifeoma &
Oluwakanyinsola, 2013). It is therefore important to properly evaluate their safety and
efficacy profile of plants that are under use in traditional medicines. The need for
newer, more effective, cheaper and most importantly safer antidiarrheal drugs has
become a paramount issue to tackle this present situation (Komal et al., 2013; Kumar
et al., 2010). This study was aimed to validate the safety and effectiveness of Myrtus

communis L as antidiarrheal agent.

The acute toxicity profile of the leaves of Myrtus communis L was determined based
on OECD guideline 425 (OECD, 2008). On this test, the LDsy was found to be > 2000
mg/kg for the 8O0ME. Generally, if the LDs, value of the test chemical is more than 3
times the minimum effective dose, the substance is considered as a good candidate for
further studies (Carol, 1995). Since the SOME had an LDs, value of more than three
times of the minimum effective dose (100 mg/kg), it was taken as a good candidate
for further studies. Beyond its role for dose determination, LDs, can also be used for
classification of chemicals. According to WHO hazard classification systems, the
80ME of the leaves of Myrtus communis with LDsy > 2000 mg/kg is designated as
‘unlikely to be hazardous’(WHO, 1975). Hence, based on the safety profile of the
80ME and prior absence of any toxicity data regarding the plant, further toxicity

studies were not done on the solvent fractions.

The plant material was investigated for its in vivo antidiarrheal activities in all the
three models using castor oil as diarrhea inducing agent. Diarrhea occurs when there
is an imbalance between the secretary and absorptive processes of gastrointestinal

tract and/or when there is an alteration of motility of intestinal smooth muscles
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(Gidudu et al., 2011; Talley et al., 1994). The use of castor oil as diarrhea inducer is
well documented (Okpo et al., 2011; Rahman et al., 2011; Shiferie & Shibeshi, 2013;
Tadesse et al., 2014). When administered orally, it produces irritant laxative effect
mediated by its active metabolite, ricinoleic acid, a hydroxylated fatty acid released
by intestinal lipases. Ricinoleic acid produces local irritation and inflammation of the
intestinal mucosa, causing the release of prostaglandins that eventually increase
gastrointestinal motility, net secretion of water and electrolytes (Horton et al., 1968;
Robert et al., 1976). Ricinoleic acid mediates the aforementioned pharmacological
effects of castor oil via specifically activating EP; prostanoid receptors. In mice
lacking EP; receptors, the laxative effect induced via ricinoleic acid is absent (Tunaru
et al., 2012). Besides, it forms ricinoleate salts with Na' and K in the lumen of the
intestine and these salts inhibit Na'/K"~ ATPase; increase permeability of the intestinal
epithelium, which in turn produces a cytotoxic effect on intestinal absorptive cells
(Cline et al., 1976; Gaginella et al, 1977, 1978). It also induces fluid and electrolyte
secretion secondary to their stimulation of an active anion secretory process which is
most likely to be mediated by cAMP (Racusen & Binder, 1979). Therefore, the use of
castor oil as diarrhea inducer for all models is plausible as it resembles the
pathophysiologic processes and ensures the face validity of actual diarrheal diseases

in human and animals.

The first model being castor oil induced diarrheal model assesses the potential of a
test substance as having an overall antidiarrheal activity regardless of its effect on gut
motility and/or intestinal secretion. The onset of defecation, the frequency and weight
of fecal output, more importantly wet feces, were determined as main parameters. The
80OME (at 200 mg/kg and 400 mg/kg) significantly delayed the initiation of diarrhea

and reduced the number and weight of both wet and total fecal output with the highest
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effects observed at 400 mg/kg in all of the aforementioned parameters. The lower
dose (100 mg/kg) of this extract, however, showed significant effect on some of the
parameters in this model: - frequency of wet feces (p<0.01), weight of wet (p<0.01)
and total (p<0.05) fecal output. It did not have statistically significant effect on
delaying onset of diarrhea and reducing frequency of total feces. This might be linked
to the interference of dry feces which are less reliable to indicate diarrhea in cases of
total fecal output. In addition, doses having lower antimotility and/or antisecretory
effects are less likely to address all the parameters measured in this model. This was
in agreement with other studies where plants having comparable antispasmodic
and/or antisecretory effects failed to extend initiation of diarrhea (Degu, 2014;

Tadesse et al., 2014).

Diarrhea is characterized by fecal urgency and incontinence (WGO, 2012; WHO,
2013). Substances exhibiting antidiarrheal activity may have a potential to retard the
onset of diarrhea significantly as seen in 200 and 400 mg/kg 80ME. Based on the
WHO (2013) criteria, however, a decrease in consistency and an increase in frequency
of bowel movements to greater than 3 stools per day generally describes diarrhea.
Even though diarrhea has been defined over time by various scientific groups and
health organizations in different ways, greater emphasis is given on the consistency of
stools rather than the number. Normally, stool is 60-90% water; diarrhea usually
occurs when the percentage exceeds 90% (CDC, 2013; Gidudu et al., 2011; WHO,
2013). Therefore, determination of percentage inhibition has mainly focused on the
reduction of frequency of wet, but not total, fecal outputs as a good marker of

antidiarrheal activity.

Diarrhea is also presented with an increase in weight of defecation (Mouzan, 1995;

Thomas et al., 2003; WHO, 2013). Accordingly, the 80ME displayed a dose-
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dependent reduction in percentage of weight of wet fecal output (R*=0.970, p< 0.05)
and total fecal output (R*=0.949, p<0.05), indicating the antidiarrheal potential of the
80ME in this model. This study is concordant with other studies in which the crude
extract of different plants reduced the frequency and weight of stools in a dose-
dependent manner (Okpo et al., 2011; Rajamanickam et al., 2010; Shiferie &

Shibeshi, 2013; Tadesse et al., 2014).

Coming to solvent fractions, both the chloroform and methanol fractions (at 400
mg/kg) produced significant effects in all parameters in this model. In addition, both
of these fractions significantly decreased the frequency of wet, but not total, feces and
weight of both wet and total stooling at 300 mg/kg. Similar to 100 mg of crude
extract, 300 mg/kg of both fractions failed to significantly extend onset of diarrhea as
compared to their respective controls. The lowest dose, 200 mg/kg, of both fractions,
however, did not have significant effect in altering any of the aforementioned
parameters compared to controls. This may be associated with lower or insignificant
antimotility and/or antisecretory effects that may account for the coverage of some or
none of the parameters in general model. Generally, these fractions had comparable

antidiarrheal effects, but the effects were lower than that of the 8OME.

Looking at the dose dependency nature of the fractions, the methanol fraction (R?
=0.994) appeared to have a steeper slope than that of the chloroform fraction
(R?=0.980). Similarly, methanol fraction had also revealed sharper reduction in
weight of both wet and total fecal outputs respectively (R*= 0.999; R*=1.000, p<0.01)
as compared to chloroform fraction (R*= 0.995; R*=0.955, p<0.05). The methanol
fraction is more likely to lose potency at lower dose unlike chloroform fraction which
retains antidiarrheal activity within narrow limits along all dose ranges. This might be

attributed to qualitative and quantitative differences in bioactive constituents of these
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fractions. On the contrary, the aqueous fraction was devoid of significant delay in
onset of diarrhea at all tested doses but significant reduction in the number and weight
of fecal output were observed at 800 mg/kg. Most of the doses of the aqueous fraction
(up to 400 mg/kg) also failed to demonstrate any significant effect on the subsequent
models. This could possibly suggest that the localization of the active ingredients in
the chloroform and methanol fractions. This study was in line with other studies in
which the chloroform and methanol fractions of different plants reduced the
frequency and weight of stooling (Billah et al., 2013; Degu, 2014; Karthik et al.,

2011; Mazumder et al., 2006).

Non-steroidal anti-inflammatory drugs (NSAIDs) could inhibit castor oil induced
diarrhea (Awouters et al., 1978). Similarly, 80% ethanolic extracts of Myrtus
communis L showed potent anti-inflammatory activity in a previous study (Al-
Hindawi et al., 1989). This was further supported by the fact that isolated constituents
from the leaves of the plant (myrtucommulone, semi-myrtucommulone and non-
prenylated acylphloroglucinols (phlorotannins)) are known to suppress the
biosynthesis of eicosanoids both in vivo and in vitro (Feisst et al., 2005). Thus, it is
reasonable to assume that the antidiarrheal effect of the SOME and solvent fractions,
with possible variation in distribution patterns, could be partly ascribed to inhibition

of castor oil-induced prostaglandin synthesis.

Flavonoids such as quercetin showed antidiarrheal activity against castor oil and
PGE, -induced diarrhoea in mice via increasing the colonic fluid absorption in the
presence of secretagogue compounds (Galvez et al., 2011). Tannins have also
exhibited broad-spectrum antidiarrheal properties possibly due to increasing trans-
epithelial resistance and inhibiting the CFTR and CaCC chloride channels (Ren et al.,

2012). Certain terpenoids such as 1, 8-cineole and abietic acid have demonstrated
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antidiarrheal properties via dual antispasmodic and antisecretory activities (Amin &
Maham, 2015; Fernandez et al., 2001). Besides, steroids like phytosterols have been
shown to inhibit production of prostaglandin E, (Awad et al., 2004), which are known

to play a crucial role in the stimulation of intestinal secretions (Bern et al., 1989).

The anti-diarrheal activities of the 80ME as well as active fractions might also be due
to inhibition of active secretion of ricinoleic acid, resulting in the activation of Na'/
K ATPase activity that in turn promotes absorption of Na" and K" in the intestinal
mucosa. This effect could probably be linked to the presence of terpenoids, tannins
and flavonoids which are shown to promote colonic absorption of water and
electrolytes (Palombo, 2006) in the 80ME, chloroform and methanol fractions. By
contrast, the aqueous fraction showed modest antidiarrheal activity at its maximum
dose. Flavonoids, steroids and terpenoids are lacking in this fraction and hence the
probable synergistic antidiarrheal activities are no longer available. Apart from this,
predominately tannins might be responsible for the antidiarrheal activity. Most of the
aforementioned secondary metabolites such as flavonoids (quercetin and cathechin
derivatives), terpenoids (1,8-cineole), and tannins (gallotannins, ellagitannines and
phlorotannins ) were screened from the leaves of this plant so far (Al-Hajjar et al.,
2012; Khani & Basavand, 2012; Yoshimura et al., 2008). Therefore, these
constituents might be attributable for the overall antidiarrheal effects of the S0ME and
solvent fractions with possible variation in distribution patterns of polarity across the

fractions.

Most antidiarrheal drugs act by decreasing the intestinal motility and/or inhibit
secretion of intestinal contents (Hughes et al., 1982; Kachel et al., 1986; McKay et
al., 1982). Hence, further confirmation of the possible mechanism of action was tested

on intestinal motility and entero-pooling models, respectively.
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The reduction of gastrointestinal motility is one of the mechanisms by which many
antidiarrheal agents can act (Beverly & Clarenc, 2008; Schiller et al., 1984). It was
observed that the 8O0ME significantly suppresses the propulsion of charcoal marker in
all tested doses. In the present study, the percentage inhibition of charcoal marker at
400 mg/kg dose (62.31%, p< 0.001) of this extract was observed to be almost
comparable to the standard. This finding suggests that the extract has the ability to
influence the peristaltic movement of intestine thereby indicating the presence of an

intestinal antimotility activity.

Besides, both the chloroform and methanol fractions had comparable antispasmodic
effects with the highest effect revealed at 400 mg/kg of methanol fraction (47.54%,
p<0.001). On the other hand, only the maximum dose of aqueous fraction (800
mg/kg) showed substantial antimotility effect. The middle dose (300 mg/kg) of both
the chloroform and methanol fractions also showed statistically significant effects in
this model. The lower dose (200 mg/kg) of chloroform and methanol fractions and
most of the doses of aqueous fraction, however, failed to demonstrate significant
antimotility effects indicating lack of statistically sound antidiarrheal activities seen in
the first model. This study is in line with other studies where doses of various extracts
having lower or insignificant antispasmodic effects might have significant effects in
some or noon of the parameters of the castor oil induced diarrheal model (Degu,

2014; Okpo et al, 2011; Taddesse et al, 2014).

Previous study on isolated tissue preparations in vitro demonstrated that 70%
methanol extract of the leaves of Myrtus communis L possess bronchodilator,
spasmolytic and vasodilator activities (via inhibiting spontaneous, K™ and carbachol
induced smooth muscle contractions) possibly due to dual blockade of cholinergic

receptors and voltage dependent calcium channels (Janbaz et al., 2013). Therefore, it
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is plausible to assume that the in vivo antimotility effect of the SOME and solvent
fractions could be partly ascribed to anticholinergic and/or calcium channel blocker
effects. It is in line with several related studies where in vitro mechanistic studies
were correlated with in vivo antimotility activities (Khan and Gilani, 2009; Mehmood

etal.,2011; Shah et al., 2010).

Furthermore, naturally occurring flavonoids such as Catechin, Isoliquiritigenin,
showed antispasmodic, bronchodilator and vasodilator activities probably due to
calcium channel antagonist effects (Amira et al, 2008; Chen et al., 2009; Ghayur,
2007). The higher antispasmodic effects observed in 80ME and the first two active
fractions might be due to the presence of flavonoids that are missing in the aqueous
fraction. Although the phytochemical constituents responsible for the antidiarrheal
effect are yet to be identified, the amount of phytochemical constituents that is
responsible for impeding gastrointestinal motility such as tannins appear to increase
with dose (Almeida et al., 1995; Yadav & Tangpu, 2007). Similarly, studies on the
functional role of tannins also reveal that they could also bring similar functions by
reducing the intracellular Ca®" inward current or by activation of the calcium
pumping system, which induces the muscle relaxation (Yadav & Tangpu, 2007).This
could possibly be the reason why significant anti-motility effect was observed at the

higher dose of the aqueous fraction.

Diarrheal syndromes result from varieties of pathophysiological processes (Field,
2003; Kent & Banks, 2010). The third being enteropooling model was aimed to assess
the secretary components of diarrhea. In this model, the 80ME extract showed
significant reduction in both the average volume and weight of intestinal contents at
all tested doses as compared to control. Besides, both the chloroform and methanol

fraction showed comparable percent reduction of both volume and weight of intestinal
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contents at all tested doses. On the contrary, the aqueous fraction was devoid of
significant inhibition of intestinal fluid accumulation except at the additional dose
(800 mg/kg). As compared to the SOME, both the chloroform and methanol fractions
demonstrated lower effects. This model further supports that lower doses of the
fractions (200 mg/kg of chloroform and methanol as well as most of the doses of
aqueous) did not have any significant anti-enteropooling effects, along with
insignificant antimotility effects, indicating the absence of statistically sound

antidiarrheal effects in the first model.

Mascolo ef al. (1993, 1994) reported that the active metabolite, ricinoleic acid might
activate the nitric oxide pathway and induce nitric oxide (NO) dependent gut
secretion. A growing body of evidence indicates that phytochemical constituents such
as terpenoids (Jang et al., 2004) and flavonoids (Kim ef al., 1999, 2004; Messaoudene
et al., 2011) are implicated in attenuation of NO synthesis. Therefore, unlike the
aqueous fraction, the pronounced inhibition of castor oil induced intestinal fluid
accumulation could possibly be related to the presence of terpenoids and flavonoids
that increase the reabsorption of electrolytes and water by hindering castor oil

mediated NO synthesis in the S0ME, chloroform and methanol fractions.

Apart from this, the antidiarrheal effects of flavonoids and tannins have also been
ascribed to their ability to inhibit hydro-electrolytic secretion in the intestine through
various mechanisms (Di Carlo et al., 1993; Galvez et al., 1993; Kumar et al., 2010).
The enteric nervous system also stimulates intestinal secretion through
neurotransmitters such as acetylcholine. On the other hand, intestinal absorption can
be stimulated with ay.adrenergic agents, enkephalins, and somatostatin (Bern ef al.,
1989; Fedorak et al., 1985). Secondary metabolites such as flavonoids could stimulate

az-adrenergic receptors in the absorptive cells of the gastrointestinal tract (Di Carlo et
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al., 1993). Furthermore, tannins are astringents that either bind and precipitate or
shrink proteins of luminal surface of intestine (Ashok & Upadhyaya, 2012).
Particularly, hydrolysable tannins extracted from Chinese gallnut were also examined
as antisecretory agent both in vivo and in vitro via inhibiting CFTR chloride channels
(Wongsamitkl e al., 2010). The regulation of transepithelial fluid transport in the
gastrointestinal tract is based on not only electrolyte transport but also water transport
by aquaporin (AQP) type water channels. Certain tannins were found to inhibit AQPs
2 and 3 expressions in vivo and in vitro via down regulating protein kinase A/cAMP
response element binding protein (PKA/CREB) signal pathway, which partially

accounts for the antisecretory and hence antidiarrheal effects (Liu et al., 2014).

In contrast to the aqueous fraction, the significant antisecretory activities of the SOME
as well as the chloroform and methanol fractions could probably be related to the
existence and hence synergistic effects of flavonoids, tannins and terpenoids. The
highest antisecretory effects of 80% methanol extract might be associated with the
nature and relative abundance of these secondary metabolites compared to the two
fractions. In aqueous fractions, however, tannins may play an important role as
antisecretory agent which increase with dose escalation. Since the independent nature
of the extraction processes utilized, the constituents found in the 8O0ME and solvent
fractions might not relate qualitatively and quantitatively. These phytochemical
constituents may have antidiarrheal activities via a multitude of mechanisms and act

either independently or in concert to accomplish the overall antidiarrheal effect.

The in vivo ADI is a measure of the cube root of combined effects of three parameters
such as purging frequency in number of wet stools, delay in onset of diarrheal stools
and intestinal motility (Aye-than et al., 1989; Okpo et al., 2011). Generally, higher

ADI value indicates a measure of how much effective an extract is in treating diarrhea
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(Ching et al., 2008; Prasad et al., 2014). ADI was increased with dose, suggesting the
dose dependency nature of this parameter. The 80ME showed highest in vivo ADI
value among all extracts with corresponding doses, reinforcing the notion that this
extract is endowed with better antidiarrheal activity compared to solvent fractions.
Moreover, the methanol fraction showed the highest ADI value at its maximum dose
as compared to the other fractions. Conversely, the aqueous fraction, which had little
antidiarrheal activity in most of the models, exhibited the lowest ADI, pointing to the

fact that ADI is a useful parameter in ranking antidiarrheal agents.

Interestingly, extensive studies revealed that the leaves of Myrtus communis L have
been shown to possess promising antimicrobial activities against several
microorganisms including diarrhea causing pathogens (Alem et al., 2008; Ali et al.,
2009; Antonella et al., 2007; Appendino et al., 2006; Mansouri et al., 2001; Sulaiman
et al., 2013; Zanetti et al., 2010). Therefore, in addition to its dual antimotility and
antisecretory effects observed in this study, its overwhelming antimicrobial properties
reinforcing a notion that Myrtus communis L. can possibly be a good candidate for

diarrheas of diverse etiologies including those with infectious component.
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6. CONCLUSION

This study revealed that the 80ME of the leaves of Myrtus communis L. is endowed
with a promising anti-diarrheal activity. Moreover, the chloroform and methanol
fractions were also found to possess substantial anti-diarrheal activities. However, the
aqueous fraction showed modest antidiarrheal effect at its maximum dose (800
mg/kg) used in the study. The overall antidiarrheal activities of the SOME and solvent
fractions were associated with dual inhibitory effects on castor oil induced
gastrointestinal motility and fluid secretion. Their antidiarrheal activities may be
ascribed to the presence of bioactive secondary metabolites, ranging from non-polar
to polar, such as flavonoids, tannins, terpenoids and steroids that act either
individually or in concert to bring about the overall antidiarrheal effect. What is more,
the non-polar and semi polar constituents, in chloroform and methanol fractions, may
have better antidiarrheal activities than highly polar constituents found in the aqueous
fraction. These findings provide a scientific support for folkloric repute of Myrtus

communis L as treatment of diarrheal diseases.
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7. FUTURE DIRECTIONS

The following recommendations are suggested to further investigate the
experimental plant in depth.
® Further studies should be done to isolate, purify and identify
pharmacologically active principle (s) responsible for the antidiarrheal
activities of the plant
® Further toxicological studies such as sub-acute, sub-chronic and chronic
toxicities should be done to assess the long term safely profile of the
extracts
® [Ex -vivo studies of the fractions on isolated tissue preparations should be
done to support the in vivo methods
® Further studies that aim to elucidate the possible mechanism of actions of

responsible constituents in each extracts.
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