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ABSTRACT 

The essential oil of Myl'/us communis (EOMC) was evaluated for its antid iarrheal and 

antispasmodic potential against isolated guinea ileum (OPI), ex-vivo antispasmodic 

model; normal and castor oil-induced intestinal transit in mice; castor oi l-induced 

diarrhea in mice and prostaglandin induce enteropooling in rats . Atropine was used in 

OPI and normal intestinal transit test as a positive control , whereas loperamide was used 

in the castor oil-induced intestinal transit and castor oil-induced antidiarrheal test. 

EOMC inhibited normal intestinal transit siginificantly (p<0.05) and the effect was 

comparable with that of atropine. All doses (100, 200 and 400 mg/kg) of the oil 

employed showed significant antidiarrheal and antienteropooling activities which was 

comparable with that of the positive control loperamide. Different concentrations of the 

essential oil were used in the presence of agonist (Acetylcholine) in OP! as contraction 

stimulator in ex-vivo. The oil exhibited significant reductions in Acetylcholine-induced 

contractions of OP!. The agonist-induced contractions of OP] were greatly reduced by 

both doses of 50 fig/ml (p<0.01) and 100 fig/ml (p<0.01), suggesting a powerful 

spasmolytic property of the oil. The effect produced showed that the oi l is much more 

efficacious than atropine (6.66 xl 0.9 M) in ex-vivo model. The oil appears to be more 

efficacious in ex-vivo than in vivo which may be due to the difference in physiological 

conditions that exists between the two systems. This study suggested that the essential oil 

of M. communis possesses spasmolytic and antidiarrheal properties which are likely to be 

due to the a-pinene and linalool present in the oil. The spasmolytic and antidiarrheal 

mechanisms might be in part mediated via Ca + -channel blockage. The results obtained in 

this study also SUpp0l1 the traditional use of the plant for stomach pains, and diarrhea. 

However, fUl1her study should be conducted in order to determine the exact mechanism 

(s) of action of the oil and also to characterize the constituents responsible for the activity 

observed. 

Key words: M. communis, essential oil , antidiarrheal , antispasmodic, antienteropooling 
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1 INTRODUCTION 

1.1 Overview of diarrhea 

Diarrhea is an increased frequency and decreased consistency of feca l di scharge as 

compared with an individual's normal bowel pattern. Frequency and consistency are 

variable from person to person i.e. some individuals defecate as many as 3 times a day, 

whi le others defecate only 2 or 3 times per week (Barbara et aI. , 2006). Increased 

frequency or softer consistency of bowel movements may not lead to real diarrhea i.e. 

hyperdefecation, or incontinence should be di stinguished from diarrhea . According to 

World Health Organization (WHO) (2009) diarrhea is defined as three or more watery or 

loose bowel movements in a 24 h period. In addition to these sometimes stool weight is 

used to define diarrhea and stoo l we ight greater than 300 g per day generally indicates 

diarrhea (Patil et aI., 201 1). A combination of frequency, stool consi stency, and stool 

we ight could be taken into account for defining diarrhea. 

According to World Health Organization (WHO) (1996), diarrhea is one of the main 

causes of high mortal ity rate in developing countries where over five million children 

under the age of five die annually from severe diarrheal di seases. WHO also documented 

that 3-5 billion cases occur annually, and approximately 5 million deaths are accountable 

to dialThea (Heinrich et aI. , 2005). Acute diarrhea is the prevalent form of diarrhea and 

the major causes of morbidity and mortality in all age groups particularly in infants and 

children (Guandalini , 1997; Amole et aI. , 2010). 

The success of the twentieth century regarding health care can be evidenced by the 

dramatic decline in m011ality, increase in li fe expectancy and the eradication of 

smallpox. The tool for thi s success was scientific innovation leading to development of 

new drugs and medicines. Despite the emergence of a number of drugs; none has found a 

place in the routine management of diarrhea . Therefore, there is a need for continuous 

search for drugs that might inhibit the process of diarrhea development (Farthing, 2002). 
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1.2 Physiology of the small intestine 

The alimentary tract forms the contact surface between the envirorunent and the interior 

and acts as a dynamic interface allowing exchange of water, electrolytes, and nutrients 

but still serves as an internal barrier which prevents pathogenic microorganisms, tox ins 

and allergenic macromolecules to enter the interior. To do these activities it is equipped 

with smooth nonvascular muscle ce ll s, secretory epithelia, interstitial cells of Cajal 

(ICC), endocrine cells, and gut-associated lymphoid tissue (Janig, 2009; Metges, 2010). 

A typical cross section of the gastrointestinal tract (GIT) wall includes the following 

layers starting from the lumen: 

i. Mucosal layer 

Mucosal layer is the largest organ in the body, covering approximately 300 to 

400m2
. It consists of epithelial ce lls (cubiodal or columnar cells) attached to 

each other and it's responsible for mucus secretion. Beneath mucosa there is 

submucosal layer which consists of collagen, elastin, gland and the blood 

vessels of GIT. The lumen of stomach, small intestine, and colon; is lined with 

a single layer of absorptive epithelial cells; whereas the esophagus contains a 

squamous epithelial cell lining (Stevens et aI. , 2000). 

ii. Submucosal plexus aud myeuteric plexus 

The myenteric plexus, also known as Auerbach's plexus, and the submucosal 

plexus, also known as Meissner's plexus, are the two ganglionated plexuses of 

the enteric nervous system (ENS). The myenteric plexus is located between the 

longitudinal and circular muscle of the GIT, whereas the submucosal plexus is 

situated in the submucosal region between the circular muscle and mucosa. The 

later one is the most prominent as a ganglionated network in the small and large 

intestine and does not exist as a ganglionated plexus in the esophagus and is 

sparse in the submucosal space of the stomach. Motor neurons irulervating 

circular and longitudinal muscle originate from neurons that have their cell 

bodies in the myenteric plexus, whereas motor neurons irulervating intestinal 

secretory glands (i.e. , Brunner's glands in the duodenum and crypts of 

Lieberkuhn in both small and large intestines) have their ce ll bodies in the 

2 
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submucosal plexus. The two ganglions are interconnected by neurons and form 

a functionally integrated nervous system. Ganglia in the ENS are similar to that 

of the central nervous system structurally, and functionally, but not to 

autonomic ganglia. In addition to the ENS, the GIT is also innervated with 

extrinsic nerves (Lundgren and Jodal, 1997). 

iii. Circular and longitudinal muscles 

Smooth muscle of the GIT is organized as two layer separated by neuronal 

network. The outer layer is the longitudinal muscle in which the smooth muscle 

cells are oriented along the length of the GIT. The ilmer layer is the circular 

muscle where the smooth muscle cells are arranged transversally to the length 

of GIT (Lecci et aI., 2002). The longitudinal and circular muscles via their 

interaction with ENS and an inherent pace-maker system execute mixing and 

propulsive movements of the GIT; i.e. synchronized contraction of the two 

muscles produce peristals is whereas independent movements (contractions) of 

the muscles produce mixing of chyme (S tevens et aI. , 2000; EI-Yazbi et aI., 

2007). 

iv. Serosa 

Serosa is the outer most layer of the GIT wall which continues into the 

mesentery, and contains the nerve, lymphatic, and blood vessels supplying the 

tract. The structure of the esophagus is similar except that it has no mesentery 

(Guyton and Halls, 2006). 

1.2.1 Normal motility of the small intestine and its function 

As the small intestine is a circular tube, contraction of its muscles results in narrowing of 

the tube. The contraction of the muscle at different site is synclu'onized and as a resu lt 

the content move in one direction (usually downstream, but occasionally upstream for 

short distances) . Depolarization and redepolari zation of gut smooth muscles is the base 

for GIT motility. These depolarization and repolarisztions occur in a cyclic pattern and 

are called slow waves. For action potential to develop and cause contraction the 

depolarization must reach a threshold which needs some kind of additional external 
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stimulus, like nervous or hormonal input. The muscle cells have no intrinsic 

characteristic of initiating the slow waves rather it is initiated in the ICCs. The ICCs are 

electrically coupled via gap junctions, and can function as pacemakers, setting the 

smooth muscle slow wave frequenc y. GIT motility differs in fed and fasting state. Food 

intake induces propagating, propulsive contractile activity . This unidirectional squeeze of 

GIT content is termed as peristalsis. Localized contractions and relaxation also happen 

after food intake and serve to mix chyme (a thick fluid mass of partially digested food 

and gastric secretions passed from the stomach to the small intestine) with intestinal 

digestive enzymes. During fasting state slow propagating contractions called migrating 

motor complexes predominate (Thomas, 2006; Olsson and Holmgren 2010). 

Each of the small intestine functions is performed by a group of specialized cells, which 

can be classified as muscle , crypt, villous, Paneth and goblet cells. These functions 

include digestion, motility, secretion, absorption and defense. The digestion process ends 

in the small intestine with the help of digestive enzymes from the small intestine itself 

and from pancreas. Absorption of nutrients is the other function of the small intestine . 

The structure of small intestine is adapted for absorption. The folding, villi , and 

microvilli help it to have large surface area needed for absorption. A third function of the 

small intestine is movement of nondigested remains to the large intestine and secretion. 

The last function is defense and the different secretions and the phys ical barriers are the 

means by which the intestine executes this function (Mourad and Saade, 2011). 

Brunner's glands which are mucous glands located in the wall of the first few centimeters 

of the duodenum secrete large amounts of alkaline mucus which protects the wall of 

duodenum from gastric content. Crypts of Lieberkiihn are small pits located over the 

entire surface of the small intestine. They are situated in between villi and their surface is 

covered by epithelium made of goblet cells (secrete mucus) and enterocytes (secrete 

large quantities of water and electrolytes). The enterocytes of the epithelium covering the 

surface of villi are responsible for reabsorption of water and electrolytes along with end 

products of digestion (Guyton and Halls, 2006; Reed and Wickham, 2009). 

The mammalian small intestine performs both absorption and secretion processes at a 

time. Under normal conditions actually the net process is absorption. Along with 

transportation of substances from the lumen into the enterocyte, there is simultaneous 

recirculation of water and electro lytes, exiting from the crypts into the lumen. It is 
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believed to involve two active secretory processes: the fi rst one is active secretion of 

chloride ions into the crypts and the second is active secretion of bicarbonate ions. The 

secretion of both of these ions causes electrical drag as well of positively charged sodium 

ions through the membrane and into the secreted fluid. At last these ions all together 

cause osmotic movement of water (Wapnir and Teichberg, 2002; Guyton and Hall s, 

2006). 

Many crypts of Lieberkiilm are found in the mucosa of large intestine; however, unlike 

the small intestine, there are no villi. No digestive enzymes are secreted instead the 

mucous cells secrete only mucus. The large prop011ion of secretion in the large intestine 

is mucus. This mucus contains moderate amounts of bicarbonate ions secreted by a few 

non-mucus-secreting epithelial cell s. The rate of secretion of mucus is regulated 

principally by direct, tactile stimulation and local nervous reflexes (Guyton and Hall s, 

2006; Reed and Wickham, 2009). 

Around ten liters of ingested fluid and secretions enter intestine every day. Ninety 

percent of this fluid is absorbed in the small intestine and ninety percent of the remaining 

is absorbed in the large intestine. Water transport across the wall of intestine is not by 

active transport rather secondary to the active transport of some other so lutes. When the 

chyme is dilute enough, water is absorbed through the intestinal mucosa into the blood of 

the villi almost entirely by osmosis. When it is concentrated it will be made diluted by 

transp011 of solutes out of lumen to the blood. Sodium is transp011ed by the sodium 

potassium ATPase pump which ensures that the inside of enterocytes have a low sodium 

concentration and a negative charge. Sodium enters epithelial cells from the lumen and 

then taken to the paracellular space by the pumps located in the basal and side walls of 

these cells. Part of the sodium is absorbed along with chloride ions; in fact , the 

negatively charged chloride ions are mainly passively "dragged" by the pos itive 

electrical charges of the sodium ions. The electrical and osmotic gradient created by this 

pump drives most intestinal transp011 processes (B isset, 2001; Camilleri , 2004). 

The absorption of sodium from the lumen actually involves two stages. The first is the 

active transport that depletes sodium from the epithelial cells. This actually pave the way 

for the next stage to come to picture, i.e. decrease of sodium and the more negative 

inside the cells causes sodium from the intestinal lumen to move tlu·ough the brush 

border of the epithelial cells to the ce ll interiors by a process of facilitated diffusion. That 
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is to mean, a sodium ion combines with a transport protein, but the transp0l1 protein will 

not transport sodium to the interior of the cell until the protein itself also combines with 

some other appropriate substance. The binding of protein with other substance is the 

bases for absorption of monosacchrides (glucose and galactose in pat1icular) and amino 

acids. Some oligopeptides, instead of being first hydrolyzed into amino acids, are 

absorbed intact across the intestinal brush border by a proton-coupled mechanism. This 

absorptive process is indirectly coupled to Na+ transp0l1, since the needed protons are 

provided by NaIH exchange, which acidifies the unstirred layer abutting the brush border 

membrane. The Na + gradient, therefore, is the driving force for amino acid, oligopeptide, 

and sugar absorption (Bisset, 2001; Field, 2003; Camilleri, 2004). 

Segments of jejunum and ileum involve salt absorption in the absence of nutrients. This 

indicates that there is a different transport mechanism in these Segments. In the jejunum, 

NaHCO) is absorbed via NalH exchange (the secreted H+ neutralizes an equivalent 

amount of luminal HCOT) and cr movement is purely passive. In the ileum (and also in 

the proximal colon) NaCl is absorbed via equal rates of NalH and ClIHCO) exchanges. 

Three Na/H exchangers (NHEs) have since been localized to intestinal brush border 

membranes and cloned. NHE3 appears to be quantitatively more important, since NHE3 

knockout mouse suffers from chronic diarrhea (Field, 2003). 

The discovery of secretory propet1y of intestinal epithelium was among the late twenty 

century achievements of human beings. Cyclic Adenosine Monophosphate (cAMP), via 

protein kinase A (PKA), stimulates secretion by activating or enhancing the transport 

activities of: apical anion channel, basolateral membrane K+ channel and basolateral 

membrane NaK2Cl cotransp0l1er (Fig I). The inherited disease cystic fibrosis (CF) 

develops when dysfunctional mutations occur in the gene for the cAMP-responsive 

apical anion channel. Accordingly, this chatmel, which is present in a number of tissues, 

has been dubbed the cystic fibrosis transmembrane conductance regulator or CFTR for 

shOt1. Studies of intestine from both humans and transgenic mice with CF show a near 

total absence of electrolyte secretion. This explains the secretory role of CFTR (Field, 

2003). 
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Serosa Lumen 
Na+ K+ 

\ 
G, AdCy 

~ 
ATP cAMP .. 

Na+_ PKA 

K+--1 
... 

CI- - CFTR --2CI- = ---.. ---.. 

5 to 30 mV -40 to -50 mV OmV 

Na+ ~ Na+ 

Fig I: A model of electrolyte secretion in the intestine (The picture was taken from Field 

(2003». 

1.3 Regulation of small intestine motility and secretion 

The ENS, the extrinsic autonomic nervous system and local hormones play an important 

role in regulating GIT functions. These neural and hormonal regulations are responsible 

for the coordinated activity of GIT. The number of neurons in this enteric system is 

almost exactly equal to the number in the spinal cord. This tells us that the ENS plays an 

important role in controlling GIT motility and secretion (Wapnir and Teichberg, 2002; 

Olsson and Holmgren 20 I 0). 

GI smooth muscles display cyclic patterns of electrical activity that start in ICes and 

spread passively throughout the ICC network as well as to the muscle cells. Neuronal or 

hormonal input converts slow wave activity to muscle contractions and secretion. To 

understand the complex regulatory mechanisms of small intestine moti lity and secretion 

knowledge of neural reflex is crucial. Sensory cells (Enterochromaffin cells) receive and 

detect stimuli in the form of force or chemical or mechanical and respond by triggering 

release of 5-hydroxytryptamine (5-HT). 5-HT then activates the afferent neurons (both 
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submucosal and myenteric neurons) to initiate a neural reflex pathway to stimulate 

secretomotor neurons which release vasoactive intestinal peptide (VIP). VIP then acts on 

epithelial cells and cause cr secretion and water movement into the intestinal lumen. On 

the other hand, stretch directly stimulates both intrinsic and extrinsic enteric neurons and 

causes biological response such as opening of ion channels. As a result, depolarization, 

firing of action potentials and initiation of the reflex which accompanied by secretion 

and small intestine motility will occur (Xue et aI., 2007). 

Although the ENS can function on its own, independently of extrinsic sympathetic and 

parasympathetic nervous system, stimulation by these systems can greatly enhance or 

inhibit gastrointestinal functions. Stimulation of parasympathetic nerves causes general 

increase in activity of the entire ENS and hence that of gastrointestinal functions. 

However, stimulation of the sympathetic nervous system inhibits activity of the 

gastrointestinal tract (Guyton and Halls, 2006). 

Different types of neurotransmitter substances are released by the nerve endings of 

different types of enteric neurons. The effect of most of these transmitters is not known 

except the joint effect. These neurotransmitters include: acetylcholine (most often excites 

gastrointestinal activity), norepinephrine (almost always inhibits gastrointestinal 

activity), substance P, VIP, 5-HT, cholecystokinin (CCK), guanylins (mediates 

secretion), peptide YY, glucagon-like peptide-2 (GLP-2), enkephalins (pro absorptive) 

ATP, dopamine, somatostatin and others (Lundgren and lodal, 1997; Wapnir and 

Teichberg, 2002; Field, 2003). 

1.4 Etiology and pathogenesis of diarrhea 

Diarrhea can be classified based on causative agent. The causative agents decrease 

absorption of solutes and water and increase secretion of electrolytes. They cause one of 

the four pathophysiologic mechanisms that disrupt water and electrolyte balance, leading 

to diarrhea. These four mechanisms are the bases for classification and include: (i) a 

change in active ion transpoli by either decreased sodium absorption or increased 

chloride secretion (Secretory diarrhea); (ii) a change in intestinal motility (Diarrhea due 

to abnormal intestinal motility); (iii) an increase in luminal osmolarity (OsmotiC , 

diarrhea); and (iv) exudation of protein and fluid from the mucosa (Exudative diarrhea). 

The duration of the disease can also be used to classify diarrhea as the severity parallels 
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the duration. The two classes of diarrhea under this classification are chronic and acute 

(Swamy et a!., 2005, Barbara et a!. , 2009; Amole et a!., 2010). 

1.4.1 Secretory diarrhea 

Secretory diarrhea can occur by over stimulation of the intestinal tract's secretory 

capacity ("pure" secretory diarrhea) and sometimes as component of very complex 

disorders . This type of dialThea ("pure" secretory) IS characterized by large stool 

volumes (which can exceed I liter per hour in well hydrated adults), absence of red or 

white blood cells in the stool, absence of fever or other systemic symptoms (except those 

due to dehydration), persistence of dialThea with fasting (volume may diminish, 

however), and lack of excess osmotic gap (00) in stool electrolytes. 00 is defined as: 

290 - 2{[Na+] + [K+]} , where 290 is the assumed osmolarity of blood plasma, a gap 

greater than 50 mM is considered abnormal (Farthing, 2002; Field, 2003). 

Secretory dialThea is caused by abnormalities in both secretion and absorption of 

electrolytes. GIT stimulating substance like VIP, laxatives, bacterial toxin, hormones 

generated by endocrine neoplasms, dihydroxy bile acids, hydroxylated fatty ac ids, and 

inflammatory mediators all increase secretion or decrease absorption. The central role in 

these impairments is played by an increase in cAMP which has two basic effects: it 

inhibits neutral NaCI absorption and secondly it stimulates the secretion of chloride 

without impairing other transport mechanisms. The impact of the cAMP is ev ident e.g. in 

cholera. In cases of cholera, the intestinal mucosa binds the toxin which stimulates 

adenylate cyclase to produce cAMP. Since other transport mechanisms are intact, 

rehydration can be achieved by oral application of the solution of glucose with sodium 

(Field, 2003; Barbara et a!., 2009). 

Hypersecretion can be associated also with an increased intracellular calcium or cyclic 

guanine Monophosphate (cOMP). Impairments of the small intestine which cause 

atrophy of microvilli are associated with an increased secretion of electrolytes (Field, 

2003). 
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1.4.2 Osmotic diarrhea 

Osmotic diarrhea is caused by an accumulation of weakly absorbable solutes (lactulose, 

Mg+, S04 - , or P03 - ) in the intestinal lumen, and! or as a result of mal digestion, as seen 

in pancreatic insufficiency. When these molecules are present in the intestinal lumen, 

osmotic force develops and draws water together with ions into the lumen. On the other 

hand malabsorption by an individual with an absorptive defect (gluten-sensitive 

enteropathy, lactase deficiency) can also cause osmotic diarrhea . Osmotic diarrhea 

caused by the presence of weakly absorbable so lutes is typical by the fact that it ceases 

after abstaining from their intake (Field, 2003; Barbara et a!. , 2009). 

1.4.3 Exudative diarrhea 

Inflammatory diseases of the GIT can cause exudative diarrhea by discharge of mucus, 

proteins, or blood into the gut (Barbara et a!. , 2009). 

1.4.4 Diarrhea due to abnormal intestinal motility 

Abnormal motility can enhance bacterial overgrowth within the intestine. Increased 

motility shortens the contact period of chyme with mucosa. Therefore in consequence of 

this change, the volume of chyme in the large intestine increases which causes faster 

evacuation. The consequent abbreviation of contact of chyme with mucosa results in a 

decrease in water absorption. Diarrhea due to abnormal intestinal motility is usually 

present in coincidence with irritable bowel syndrome, after gastrectomy, vagotomy, 

diabetic neuropathy, sclerodennia and thyrotoxicosis (Barbara et a!., 2009). 

1.4.5 Acute and chronic diarrhea 

The four pathophysiologic mechanisms discussed can also be used as means of 

differentiating diarrheas. In fact duration of diarrheal disease is another parameter that 

should be considered to fu lly understand the etiology and pathogenesis of the disease. 

Acute diarrhea 

Acute diarrhea, (an episode of diarrhea of less than 14 days in duration) is caused by 

infection, drugs or develops after consuming particular substances in food (Manatsathit 
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et aI. , 2002; Barbara et aI. , 2006). Infectious diarrhea may affect the small intestine 

and/or the colon. The severity with regard to water and electrolyte loss depends on the 

part of intestine infected, and infections of the small intestine lead to loss of large 

volume of liquid stools i.e. excess loss of water and electrolyte. The pathogens most 

often linked to infectious diarrhea include: enterotoxigenic Escherichia coli, Vibrio 

cholera, Salmonella species, Shigella species, Campylobacter jejuni, Cryptosporidium 

species, enteric viruses, Giardia intestinalis, Strongyloides stercoralis, Isospora belli, 

Sarcocystis hominis, and Cyclospora cayetanensis (Farthing, 2000). 

The cellular pathogenes is of these microbes is presented by taking representative 

examples i.e. V cholerae and E. coli. Cholera Toxin is a protein consisting of a dimeric 

A subunit and five identical B subunits. The larger, Al protein of the diameric A subunit, 

contains the toxic activity. Each of the B subunits functions for binding to cells in the 

intestinal brush border membrane. The toxin's A I subunit covalently modifies the a 

subunit of Gs, the adenylyl cyclase- stimulating G protein. More specifically, the 

endocytosed Al subunit catalyzes covalent bonding of adenosine diphosphoribose from 

NAD to the a-subunit of Gs (Gsa), inhibiting the intrinsic GTPase activity of Gsa 

thereby preventing self-inactivation of its adenylyl cyclase-stimulating activity. The 

Gsa-GTP complex separates from its membrane mooring to Gs~ and Gsy, attaching to 

and activating adenylyl cyclase. This leads to continuous production of cAMP and 

thereby activation of PKA. The activated PKA phosphorylates and open the CFTR anion 

channel (Field, 2003) and anions especially chloride enters into the intestinal lumen 

which is followed by water being driven by osmotic force. 

Toxigenic E. coli elaborate at least two secretion-stimulating enterotoxins, heat labile 

toxin and heat-stable toxin. The former one is immunologically related to cholera toxin 

and has the same cellular mechanism of action, whereas the latter one activates guanylate 

cyclase in the intestinal epithelium, thereby activating cGMP-dependent protein kinase 

G, which, like PKA, can open the CFTR anion channel (Field, 2003). 

Chronic diarrhea 

Chronic diarrhea, (diarrhea of greater than 14 days in duration) can be caused by 

different factors. Secretory chronic diarrhea is usually induced by drugs, hormones 

generated by endocrine neoplasms, bile or fatty acids; whereas Osmotic chronic diarrhea 
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is usually induced by laxatives, or malabsorption. Inflammatory intestinal diseases 

(ulcerative colitis, Crohn's disease), ischaemic colitis, parasitic invasions, moti lity 

impairments, re-infection or protracted course of intestinal infection, sclerodermia and 

diabetic neuropathy can also bring about chronic diarrhea (Guandalini , 1997; Barbara et 

aI. , 2009; Field, 2003). 

1.5 Diarrhea management 

1.5.1 Oral rehydration therapy 

The main causes of concern with regard to diarrhea are the loss of body water and 

electrolyte imbalance. Among the population children are at greater risk than adults of 

life-threatening dehydration. This is so because water constitutes a greater proportion of 

their bodyweight. The type of dehydration (isotonic, hypotonic, or hypertonic) is 

independent of the causative agent. Fluid losses resulting from diarrhea and vomiting can 

be as high as three times the circulating blood volume. In order to keep intravascular 

volume constant, water is lost from the intracellular compartment to the extracellular, 

leading to dehydration (Sibylle and Stephanie, 2009). 

Means of rehydration should therefore be the first step to treat patients especially 

children with secretary diarrhea. Oral rehydration solution (ORS) is used to rehydrate 

these victims. The use of ORS is justifiable particularly after the discovery of effect of 

cholera toxin. As cholera toxin inhibits nutrient-independent salt absorption, electrolyte 

absorption is possible when administered with glucose (WHO, 2005). 

The shortcoming of such solution is that reabsorption of secreted fluid is not lessened 

and hence no effect on diarrhea. This may be corrected by substitution of glucose 

polymers for free glucose in the oral rehydration solution. These polymers release the 

absorbable sugar slowly as the rate of hydrolysis of starch to maltose is slow compared 

with the rates of hydrolysis of maltose. The end effect is that there is no enough sugar in 

the lumen to create hyperosmolarity which can facilitate fluid secretion (Field, 2003). 

1.5.2 Antibiotics 

Even though antimicrobial therapy has got many limitations (antibacterial resistance and 

poor tolerability), antibacterial agents are mainstays of treatment for certain forms of 
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diarrhea. Fluoroquinolones, azithromycin and rifaximin are commonly used for the 

treatment of bacterial diarrhea. Clostridium dijJicile- induced diarrhea should be treated 

by withdrawal of the offending antibiotic and oral administration of either metronidazole 

or vancomycin (Field, 2003; Herbert, 2004). 

1.5.3 Antidiarrheals 

i) Opioids 

The antidiarrheal mechanism of opioids is by altering intestinal motility. In fact 

some of them may have mild proabsorptive or anti secretory activity. The intestinal 

motility change is mediated by peripheral f.l receptors of the ENS, whereas intestinal 

secretion is influenced via 1) receptor. They may be helpful in secretory diarrhea of 

mild to moderate severity by reducing the frequency and volume of stools 

(Manatsathit et aI., 2002). Loperamide, diphenoxylate, codeine, tincture opium and 

other opiates are drugs used as antimotility. Among these drugs, loperamide is the 

most commonly recommended agent for use in uncomplicated diarrhea. It increases 

OIT transit time and sphincter tone. It also blocks cholera toxin induced secretion 

presumably via Oi-linked receptors. Diphenoxylate, difenoxin, and loperamide act 

peripherally and are preferred over opioids that penetrate the eNS (Manatsathit et 

aI., 2002; Barbara et aI, 2009). 

Antimotility drugs are contraindicated in severe diarrhea and in diarrhea caused by 

invasive pathogens. This is due to the fact that pooling of large fluid volumes in 

paralyzed bowel loops and enhanced tissue invasion by the organisms or delay their 

clearance from the bowel and hence the disease condition may aggravate 

(Manatsathit et aI., 2002; Field, 2003). 

ii) Anticholinergics 

Atropine, hyoscine, hyoscyamine and dicyclomine are anticholinergics which may 

be used to treat diarrhea. Frequency and volume of stools are not reduced by these 

agents, but they may have value in reducing pain from abdominal cramps. These 

agents have got many adverse reactions and have limited uses (Manatsathit et aI. , 

2002). 
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iii) Adsorbents 

These medications adsorb toxins produced by toxigenic bacteria and act by 

preventing their adherence to intestinal membranes. There are a variety of drugs in 

this group including activated charcoal, kaolin, pectin, dioctahedral smectite, 

attapulgite (anhydrous aluminum silicate), aluminum hydroxide and tannic acid 

(Manatsathit et a!. , 2002). 

iv) Antisecretory agents 

U2 Adrenergic receptor agonists such as clonidine can interact with specific 

receptors on enteric neurons and enterocytes, thereby stimulating absorption and 

inhibiting secretion of fluid and electrolytes. These agents may have a special role in 

diabetics with chronic dialThea, in whom autonomic neuropathy can lead to loss of 

noradrenergic innervations (Goodman and Gilman, 2006). 

Serotonin receptor antagonists specifically the 5-HT3 receptor antagonists are found 

to have anti secretory effect. Another newly discovered drug is racecadotril which is 

an enkephalinase inhibitor that produces anti secretory activity. Bismuth salicylate 

has been shown to be effective in the treatment of diarrhea. It reduces the number of 

unformed stools by approximately 50% and this is attributed to the anti secretory 

action of its salicylate moiety. In addition, it is also thought to have antibacterial and 

antiinflammatory properties (Manatsathit et a!., 2002; Cas burn-Jones and Farthing, 

2004). 

Somatostatin can be used for treatment of diarrhea induced by hormone-secreting 

neoplasms. Somatostatin analogues (e.g. , octreotide) are used in this case. They 

block hormone production by the tumor cells and hence inhibit diarrhea induced by 

the hormones. Moreover, they also appear to have a direct anti secretory effect on the 

gut epithelium and have been employed for treating cancer chemotherapy-induced 

diarrhea (Field M, 2003). 

v) Newer agents 

The intestinal ion transport mechanisms which operate using intracellular signalling 

mechanisms are pharmacological target in the search for anti secretory agents . 
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Calcium and the calcium binding protein calmodulin and CFTR protein are among 

the targets on trial. The role of ENS in secretory diarrhea is well established. A large 

number of neurotransmitters in the ENS have been identified providing another 

potential target for antisecretory agents (Manatsathit et aI. , 2002; Cas burn-Jones and 

Farthing, 2004; Sonawane et aI., 2008; Alzamora et aI. , 201 1). 

1.6 Medicinal plants with antidiarrheal activity 

These days the use of traditional medicines is increasing because of their safety, 

affordability and accessibility (Hollenberg et aI. , 2008). Nearly 60- 80% of the world's 

population has been using traditional medicines for the treatment of many diseases 

including diarrhea (Farnsworth et aI. , 1985; Maikere-Faniyo et aI., 1989; Almeida et aI. , 

1995; Ziyyat et aI. , 1997). 

In traditional Indian and Chinese medicine plants of the fam ilies Ranuculaceae and 

Berberidaceae are used for treatment of diarrhea. These plants contain a plant alkaloid 

called berberine. It has complex pharmacological actions that include antimicrobial 

actions, stimulation of bile flow, inhibition of ventricular tachyarrhythmias, and possible 

antineoplastic activity. The antidiarrheal effects of thi s alkaloid in part may be related to 

its antimicrobial activity, as well as its ability to inhibit smooth muscle contraction and 

delay intestinal transit by antagonizing the effects of acetylcholine (by competitive and 

noncompetitive mechanisms) and blocking the entry of Ca2+ into cells. In addition, it 

inhibits intestinal secretion (Goodman and Gilman, 2006). Furthermore the antidiarheal 

activity of: Alhagi maurorum, Asparagus pubesons, Conyza dioscoridis, Conyza 

linifolia, Mentha microphylla, Moringa oleifera, Occimum grattissimum, Pergularia 

daem ia and zygophyllum album have been confirmed (Am ole et aI. , 20 10; Otimenyin 

and Uzochukwu, 2010). 

These findings and others have convinced WHO to constitute a diarrheal disease control 

program, which focuses on traditional practices and prevention approaches (Swamy et ai, 

2005; Amole et ai, 20 I 0). 
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1.7 Myrtus communis L 

Family Myrtaceae contains important plants used traditionally for medicinal purposes. 

Psidium guajava L. for instance, belonging to this Family and its use in traditional 

medicine for the treatment of various types of gastrointestinal disturbances such as 

diarrhea, spasmolytic activity, dysentery, abdominal distention, fl atulence and gastric 

pain was proved to have scientific bases (Mittal et aI. , 2010). 

The genus Myrtus is a dominant genus of fami ly Myrtaceae. This genus is represented by 

100 species wildly distributed in the warmer pat1S of the world. Even though the genus is 

native to the Mediterranean area it is also found in almost all tropical regions. Many of 

the plants in thi s genus have showy blossoms. The family is generall y considered to 

contain economically valuable plants. Timber, gums and resins, oils, spices and edible 

fruits are among the economic uses of the family (Ahmad, 2006). 

Myrtle (Myrtus communis L.) which is an evergreen shrub grows mainly in the 

Mediterranean area. In Italy it grows wi ld in almost all the coastal areas (F lamini et aI. , 

2004; Wannes et aI. , 2010; Zanetti et aI. , 2010). The essential oil from the leaves of 

myrtle has been shown to contain terpenes (a-pinene, I , 8-cineole, linalool, a-terpineol, 

limonene, and myrtenyl acetate) (Monti et aI. , 2002; Yadegarinia et aI., 2006) and 

several phloroglucinols which are considered responsible for the plant 's antibacterial and 

anti-inflammatory properties (Appendino et aI. , 2006; Rossi et aI. , 2009). The plant also 

contains polyphenols such as flavonoids , ursolic acid, several vo latile compounds and 

tannins (Wannes et aI. , 20 I 0). 

In fo lklore medicine myrtle is used for different illnesses including as an antiseptic , 

disinfectant, hypoglycaemic , anti-inflammatory, antimicrobial, antifungal, (Mahboubi et 

aI. , 2010; Mimica-Dukic et aI., 20 10), remedy for cough (Bruni et aI. , 1997; Leonti et aI. , 

2009); and against stomach disorder, diarrhea and dysentery (Ziyyat et aI. , 1997; 

Teklehaymanot and Gidayy, 2007; Leonti et aI., 2009; Mimica-Dukic et aI. , 2010). In 

vitro studies have also shown that the plant has antimicrobial (Zanetti et aI. , 2010) strong 

anti-inflammatory (Rossi et aI. , 20C9) and ant ioxidant, antimutagenic, and anti-genotoxic 

aetivities (Hayder et aI. , 2004; Mimica-Dukic et aI. , 2010; Walmes et aI. , 20 10). The 

essential oil of M. communis (EOMe) has been rep011ed to possess in vitro antimicrobial 

(Zanetti et aI. , 20 10) and strong in vivo anti-inflammatory activities (Rossi et aI. , 2009). 
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However, to date, there has been no report in the literature concerning the effect of the 

oil on diarrhea and stomachache. The present study was therefore conducted to evaluate 

the possible antidiarrheal and antispasmodic effects of M communis essential oil using 

different experimental models. 
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2. OBJECTIVES 

2.1. General objective 

To investigate the antidiarrheal and anti spasmodic activities of the essential oil of M. 

communis in rodents 

2.2. Specific objectives 

The specific objectives of this study were to 

• determine the antidiarrheal activity of M. communis in rodents ; 

• assess the inhibitory effect of M. communis on intestinal transit time in rodents ; 

• find out the antispasmogenic activity of M. communis in ex-vivo; and 

• measure the antienteropooling activity of M. communis in vivo . 

18 



o 
o 

o 

o 

o 

o 
) 

o 

) 

3. MATERIALS AND METHOD 

3.1 Materials 

3.1.1 Drugs and chemicals 

The following drugs and chemicals were used for the study: acetylcholine bromide, 

atropine, loperamide, sodium chloride, potassium chloride, magnesium chloride, sodium 

bicarbonate, sodium hydrogen phosphate, calcium chloride, Tween 80, Charcoal, gum 

aciasia (Sigma-Aldrich Inc. , Germany); glucose (Eurastar Scientific Ltd., France). Castor 

oil was purchased from a local retail outlet in Addis Ababa and misoprostol was kindly 

donated by DKT, Ethiopia. 

3.1.2 Plant material 

The leaves of M communis were collected from around Addis Ababa, Ethiopia in 

December 2010. The authenticity of the plant was confirmed by Ato Melaku 

Wondafrash, the National Herbarium, Department of Biology, College of Natural 

Science, Addis Ababa University where a specimen was deposited (Collection number 

AlOI). 

3.1.3 Experimental animals 

Adult male and female Swiss albino mice (25-30 g), rats (150-165 g) and guinea pigs 

(350-500 g) were obtained from animal house of School of Pharmacy, Addis Ababa 

University and, Ethiopian Health and Nutrition Research Institute (EHNRI), Addis 

Ababa. The experimental animals were acclimatized for seven days. Before the stmi of 

the experiment the animals were housed at a 12 hlI2 h light/dark cycle for one week with 

free access to food (standard pellet) and water (tap water) (Vogel, 2002). 

3.2 Method 

3.2.1 Essential oil extraction 

The leaves of M communis were subjected to hydrodistillation using Clavenger type 

apparatus for 4 h. A pale yellow oil (7 ml) was obtained from 1.8 kg of fresh leaves. The 

oil was kept in umber colored air tight container and stored in a refrigerator until used 
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3.2.2 Acute toxicity test 

Acute toxicity study was done using the limit test dose of 2000 mg/kg as described by 

Organization for Economic Cooperation and Development (OECD) guideline (OECD, 

2001). The procedure was carried out with six fernale mice (three animals per step) for 

the test. The Animals were fasted prior to dosing (food but not water was withheld for 3-

4 h). Following the period of fasting, the animals were weighed and the test substance 

administered orally. After the substance had been administered, food was withheld for a 

further 1-2 h. Each animal was sequentially dosed at interval of 48 h and observed 

individually after dosing at least once during the first 30 min, periodically during the first 

24 h, with special attention given during the first 4 h and daily thereafter, for a total of 14 

days (Adebiyi et ai. , 2006; OECD, 2001). 

3.2.3 Normal gastrointestinal motility test by charcoal meal 

Mice were divided into control, positive control and test groups of six mice in each 

group and fasted for 18 h but water was freel y provided. The test groups received the 

essential oil at 100, 200 and 400 mg/kg diluted in Tween 80/water (5% v/v) orally. Dose 

selection was based on the acute toxicity test and one-tenth of the limit dose used for the 

acute toxicity was employed as the medium dose. The lower and higher doses were then 

selected as half and twice of the medium dose, respectively (Deshmukh et a!. , 2009). The 

positive control group received atropine (0 .1 mg/kg, i.p.), while the control group 

received Tween 80/water 5% v/v (5 mllkg) orally. After 30 min each animal was given 

orally 1 ml of charcoal meal (3% deactivated charcoal in 5% gum acacia). Thirty minutes 

after charcoal meal administration, the animals were sacrificed and the movement of 

charcoal from pylorus to caecum was measured. Charcoal movement was expressed as 

peristaltic index (PI) . The PI and percentage of inhibition compared with the control 

group were determined by using the following equation (Chatteljee, 1993; Biswas et a!. , 

2002; Franca et a!. , 2008 ; and Amole et a!. , 2010). 

Peristalitic Index (PI) 
Distance moved by charcoal 
--------'------ XIOO 

length of intestine 
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PI negative control - PI test drug 
Percentage inhibition = XIOO 

PI negative control 

3.2.4 Castor oil induced gastrointestinal motility test by charcoal meal 

The same procedures as described in section 3.2.3 were followed except that castor oi l 

(0.2 mllmouse, p.o.) was administered 30 min before administration of charcoal meal. 

The other difference was that the positive control group received loperamide instead of 

atropine at the dose of3 mg/kg orally (Amole et aI. , 2010). 

3.2.5 Antidiarrheal activity 

Before the start of the experiment, animals were screened by giving 0.5 ml of castor oil 

and only those showing diarrhea were selected for the experiment. Then overnight fasted 

mice were divided into control , positive control and test groups containing six mice in 

each group. Control group received Tween 80/water 5% v/v (5 ml/kg) orally. The 

positive control group received loperamide at a dose of 3 mg/kg orally; test groups 

received EOMC at the doses of 100, 200 or 400 mg/kg diluted in Tween 80/water (5% 

v/v). Each animal was placed in an individual cage, the floor of which was lined with 

tissue paper. The floor lining was changed every I h. Diarrhea was induced by oral 

administration of 0.5 ml castor oil to each mouse, 30 min after the above treatments. 

During an observation period of 4 h, diarrhea onset time, total number of fecal output 

and the number of diarrheic feces excreted by the animals were recorded. A numerical 

score based on stool consistency was assigned as follows: normal stool = I, semi-solid 

stool = 2 and watery stool = 3. Calculations were made for the delay diarrheal onset, 

diarrheal score and percent inhibition by comparison with the control group. The in vivo 

antidiarrheal index (AD!) was then expressed according to the formula shown bellow 

(Shoba and Thomas, 2001; Vogel, 2002; Franca et a!., 2008; Ching et aI. , 2008): 

AD! = ~ D freq X Gmeq X P freq 

Where: Dfreq = Delay in defecation time or diarrheal onset (in % of control), Gmeq = 

Gut travel reduction (in % of control) and Pfreq = purging frequency as number of stool 

reduction (in % of control). 
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3.2.6 Antienteropooling activity testing 

For th is evaluation, rats were deprived of food and water for 18 h pnor to the 

experiment. Five animals were randomly assigned into each group and placed in cages. 

The first three groups were given EOMC at the doses 100, 200 or 400 mg/kg body 

weight diluted in Tween 80/water (5% v/v). The fourth group (positive control) was 

given the standard drug loperamide (2.5 mg/kg body weight) while the fifth group 

(negative control) was given Tween 80/water (5% v/v) at dose of 5 mllkg. Immediately 

afterwards, misoprostol was administered to all the rats (200 ~g/kg) . After 30 min, each 

rat was sacrificed and the ends of the small intestine tied at the pylorus and the caecum. 

This section was dissected out and its intestinal content was collected by milking into 

pre-weighed (Mo) graduated tubes (the cylindrical portion of a 2.5 ml syringe whose tip 

is sealed) and the new weight (MI) was measured. The vo lume (ml) of the intestinal 

content was read directly from the tubes while the mass was obtained as (MI -Mo) g. % 

inhibition was calculated as intestinal fluid volume or mass of negative control minus 

that of treatment divided by the negative control and then the result was multiplied by 

100 (Shoba and Thomas, 200 1; Havagiray et aI. , 2004; Swamy et ai, 2005; Thakul1a et 

aI. , 2007; Franca et a!. , 2008). 

3.2.7 Ex-vivo antispasmodic model testing 

For this experiment Guinea pig ileum (GPI) was used. Guinea pigs were fasted for 24 h 

before the start of the experiment. The animals were killed by a gentle blow at the back 

and allowed to bleed. Then the abdomen was opened by midline incision and GPI 2-2.5 

em in length was removed immediately and trimmed from surrounding tissues. The 

contents of the intestine were washed with a physiological salt so lution called Tyrode 

solution (composition was KCI2.68, NaCI 136.9, MgCh 1.05, NaHC03 11.90, NaH2P04 

0.42, CaCh 1.8, and glucose 5.55 mM). This procedure was repeated whenever viable 

tissue (GPI) was needed throughout the experiment (Venkataranganna et aI. , 2002; 

Vogel, 2002). 

The isolated segments of GPI were tied with silk threads at both ends (ileum tied in 

opposite directions) and suspended in a thermoregulated 25 ml organ bath, maintained at 

37 °C, containing the Tyrode solution. Intestinal contractions were recorded by isometric 

recording device (GRASS FT-03 strain gauge transducer coupled to a GRASS 7E 

Polygraph, U.S.A.) which is equipped with preamplifier, main amplifier, oscillograph 
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and time and event marker. The tissues were constantly bubbled with air and a resting 

tension of I g was applied to the individua l tissue (Galvez et aI. , 1996; Bashir et aI. , 

2011 ). 

The suspended ileum was allowed to equ ilibrate for 30-45 min before adding agonist or 

antagonist or the particular plant extract. After the initial equilibration period, 

acetylcholine (10-8 to 10-3 M) was added to the organ bath and the concentration­

response curve was constructed. Then the ti ssue was washed twice with Tyrode solution 

at the interval of 20-10 min. It was then left to resume its normal contraction. After a 

stabilized regular contraction, the EOMC at a dose of 50, and 100 Ilg/ml, were added; 5 

min later for each dose of the essential oil varying concentration of acetylcholine (1 0-8 to 

10-3 M) was added and the dose-response curve of acetylcholine in the presence of oil 

was constructed. Atropine (6.66 nM) was then added and the above procedure was 

repeated. The chart speed was set at 5 mm/min (Galvez et aI. , 1996, Vogel, 2002; 

Mohammed et aI. , 2009). 

Different concentrations of the essential oil were prepared in physiological Tyrode salt 

solutions, while stock solutions of the drugs (acetylcholine and atropine) were made in 

distilled water and then serially diluted with the physiological salt so lution. The final 

dilutions of the drugs were made fresh on the day of the experiment. The calculated 

concentrations of the essential oil and standard drugs were the fi nal organ bath 

concentration. The anticholinergic activity of the EOMC was compared with that of 

atropine. Then pD2 values were calculated for each dose of the essential oil and fo r the 

standard. Original computer program Graph pad prism 2.0 (GraphPad-Pism software Inc, 

San Diago, CAl was used for fitting non - linear curve, to draw dose response curve and 

for calculation of pD2 values (Mekonnen, 1999). 

3.3 Statistical analysis 

All experimental data were expressed as mean + standard elTor of mean (SEM) and 

were analyzed using one-way ANOVA followed by Tukey post test fo r comparing the 

mean differences, and were considered statistically significant when P<0.05 . All 

stati stical analyses were performed lI sing standard SPSS package (version 19 for windows). 
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4 RESULTS 

4.1 Acute toxicity test 

It was observed that oral administration of the limit test dose of2000 mg/kg ofEOMC to 

mice neither showed mot1ality nor any apparent signs of toxicity like decreased food 

intake, changes in skin and fur, tremors, weakness, convulsions, salivation, lethargy, 

sleep and coma in the animals. Therefore, the acute toxicity test result revealed that the 

median lethal dose (LDSO) value for the oil is greater than 2000 mg/kg. 

4.2 Inhibition of gastrointestinal motility 

The EOMC at doses of 100, 200 or 400 mg/kg produced statistically significant (p<O.OS) 

inhibition of normal intestinal transit compared to the control mice. The inhibition was 

not dose dependent and the peak effect was produced by the 200 mg/kg dose whereas the 

lowest effect was produced by 400 mg/kg dose. Atropine (0.1 mg/kg) significantly 

reduced the intestinal transit and produced the highest effect (57%) inhibition. The 

inhibition produced by 200 mg/kg of the essential oil was lower than atropine, the 

standard drug used in the experiment (Table 1). 

Table 1: Effect of the essential oil of Myrtus communis (EOMC) on the normal 

intestinal transit of charcoal meal in mice. n=6, *p<0.05 relative to controls. 

Treatment Peristaltic index (%) % inhibition 

Tween-SO/water 5 mllkg 75 ± 1.2 -

EOMC 1 00 mg/kg 39.6 ± 2.1 * 47 

EOMC200 mg/kg 3S.2 ± 2.5* 49 

EOMC400 mg/kg 43.4 ± 4.3* 42 

Atropine 0.1 mg/kg, i.p 32.0 ± 0.9* 57 
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4.3 Inhibition of castor oil-induce diarrhea 

During the 4 h observation time after castor oil administration, all mice in the control 

group (Tween-80/water 5 mllkg PO) produced copious diarrhea. Pre-treatment of mice 

with EOMC like the standard antidiarrheal agent, loperamide, caused significant 

(p<0.05) delay in the onset of diarrhea, decreased frequency of defecation (reduction in 

number of total stoo ls), reduced greatly the wetness of fecal droppings (number of wet 

stool), and decreased the general diarrhea score when compared to the control mice. The 

delay in the onset of diarrhea, reduction in frequency of defecation, reduction in number 

of wet stool s and reduction in diarrheal score caused by 400 mg/kg dose of the essential 

oil was comparable to that produced by the standard drug loperamide. The decrease in 

the wetness of stool caused by the oil was equal to that caused by the standard drug 

loperamide. Both the oi l at a dose of 400 mg/kg and loperamide at a dose of 3 mg/kg 

produced the highest (92.5%) inhibition of the wetness of fecal droppings (Table 2). The 

highest AD! (74.5%) was obtained with the dose of 400 mg/kg of the oil which was 

comparable to that produced by loperamide (8\ %) (Table 3). Fig 2 shows the effect of 

the essential oil on castor oi l-induced intestinal transit in mice. This model is a part of an 

in vivo anti spasmodic model on established gut increased motility unlike the above 

model which measures effect on normal peristalsis. The oil caused reduction in the 

distance traversed by the charcoal meal and the effect was statistically significant 

compared to the control. The standard drug loperamide also produced statistically 

significant reduction in the distance traversed by the charcoal compared to the control. 

Whilst the effect produced by 200 and 400 mg/kg dose of the oil on castor oil induced 

GIT motility was comparable to that produced by loperamide, the effect produced by the 

lowest dose (100 mg/kg) of oil , was significantly (p<0.05) lower than that produced by 

loperamide. 
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Treatment 

Tween-80/water 
5 ml/kg 

EOMC 100 mg/kg 

EOMC 200 mg/kg 

EOMC 400 mg/kg 

Loperamide 3mg/kg 

Table 2: Effect of the essential oil of Myrlus communis (EOMC) on castor oil 

induced diarrheal parameters. n=6, *p<0.05 re lative to contro ls 

on-set Total number of Diarrheal 

time number of % wet stool in % score 

(min) stool in 4h inhibition 4h inhibition 

53±3.6 10.5 ± 1.1 ---- 6.67 ± .67 ---- 26.2 ± 2.89 

165±5.5* 5.8 ± 1.4* 44.8 1.0 ± 0.52* 85.0 9.8 ± 2.3* 

171±3.0* 4.6 ± 1.1 * 55.5 1.0 ± 0.52* 85.0 9.0 ± 2.4* 

182±3.5* 3.5 ± 1.4* 66.7 0.5 ± 0.34* 92.5 5.0 ± 2.4* 

200±0.0* 3.0 ± 0.9* 7 1.4 0.5 ± 0.50* 92.5 4.8 ± 2.4* 

90 

m perstalytic index 

1;;;;;;;;1 % inhibition 

controt 

Treatment groups 
Fig 2: Effect of the essential oil of Myrlus communis (EOMC) on castor oil induced 

intestinal transit of charcoal meal in mice. n=6, a*p<0.05 relative to controls, 

b*p<0.05 relative to 100 mg/kg EOMC. 
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Table 3: In VIVO antidiarrheal index of the essential oil of Myrfus communis 

(EOMC) in mice. 

Treatment Dfreq (%) Gmeq (%) Pfreq (%) ADI(%) 

Tween-80/water S ml/kg --- ---- ---- ----

EOMC 100 mg/kg 60.0 49.S 8S.0 63.0 

EOMC 200 mg/kg 66.0 SS.S 8S .0 67.7 

EOMC 400 mg/kg 77.0 S8.0 92.S 74.S 

Loperamide 3 mg/kg 94.0 62.0 92.S 81.0 

4.4 Anti-enteropooling activity 

EOMC significantly inhibited misoprosto l-induced enteropooling 10 rats at all doses 

compared to the control. The inhibition of intestinal fluid accumulation was 68% 

(p<O.OS), 71% (p<O.OS) and 73% (p<O.OS) at doses of 100, 200, and 400 mg/kg of the 

oil, respectively. The standard drug, loperamide (3 mg/kg) , also significantly inhibited 

(p<O.OS) intestinal fluid accumulation (8 1 %) when compared to the control. Similarly, 

the weight of the intestinal fluid was significantly (p<O.OS) reduced by all doses of the 

oil as well as the standard when compared to the negative contro l. The intestinal fluid 

accumulation (both in terms of volume and weight) inhibited by 400 mg/kg dose of the 

oil was comparable to that inhibited by loperamide (Table 4) . 

Table 4: Anti-enteropooling effects of the essential oil of Myrtus communis (EOMC) in 

Rats. n=6, *p<O.OS relative to controls. 

Treatment Volume in ml % inhibition Weight in g % inhibition 

Tween-SO/water 5 mllkg 2.7 ± 0.2 -------- 3.4 ± 0.2 - - -------

EOMC 100 mg/kg O.S ± 0.1' 6S 1.4 ± O.I ' 59 

EOMC 200 mg/kg O.S ± 0.1' 71 1.3 ± 0.1' 61 

EOMC 400 mg/kg 0.7 ± 0.1' 73 1.3 ± 0.1' 62 

Loperamide 3mg/kg 0.5 ± 0.1 ' SI 1.0 ± O.I ' 7 1 
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4.5 Ex-vivo antispasmodic activities on isolated guinea pig ileum. 

EOMC caused a strong inhibition of acetylcholine induced contraction of isolated guinea 

pig ileum preparation. Tracing of EOMC effect on acetylcholine induced contraction is 

shown in Fig 3. The extent of inhibition was significant (p<0.01) at both 50 ~lg/ml and 

100 J.!g/ml concentration of the EOMC when compared with the negative control. 

Spasmogenic effect of acetylcholine was significantly inhibited by the oil at all 

concentrations of acetylcholine. The 100 J.!g/ml concentration of EOMC showed 100% 

inhibition of contraction induced by 10-8, 10-7 and 10.6 M acetylcholine. The maximum 

contraction induced by acetylcholine at a concentration of 10-3 M was decreased from 

100 (for the control group) by the EOMC with concentrations of 50 and 100 J.!g/ml to 

60±0.4 and 52± 1.2, respectively. The percent spasmogenic inhibition at a concentration 

of 10-3 M acetylcholine was 40 and 48%, respectively for 50 and 100 J.!g/ml 

concentration of EOMC. Atropine (6.66 nM), on the other hand , produced much less 

inhibition compared to the oil which was only 2%, i.e. the Emax was reduced from 100 to 

98 (Fig 3 and 4). 

As can be seen from the dose response curve of acetylcholine (Fig 4), the oil caused 

depression of the Emax and forward shift of the graph in a non parallel manner. The pD2 

value of acetylcholine was depressed from 5.92±0.297 to 4.694±0.417 and 4.1 06±0.31 

by 50 and 100 J.!g/ml concentration ofEOMC, respectively. Atropine (6.5 nM) decreased 

the pD2 value of acetylcholine fro m 5.92±0.297 to 5.053±0.232. 

28 



o 
o 

o 

~-----------~-------

n 
II 

• 

I 

'1'~iJ 
Fig 3: Effect of acetylcholine on guinea pig ileum preparation before and after treatment 

with 50 flg/ml of the essential oil of Myrtus commuins (EOMC). 
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Fig 4: Effect of atropine and increasing concentrations of the essential oil of MyrlUs 

communis (EOMC) on the dose response curve of acetylcholine (Ach) on guinea-pig 

ileum. 

Responses were expressed as percent of the maximum contractions (Emax) induced 

by Ach before the addition of oil or control. Each point on the graph is mean ± SEM 

of the six experiments. 
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5. DISCUSSION 

The aim of the present study was to assess the antidiarrheal and anti spasmodic effects of 

the EOMC using experimental models in mice, rats and guinea pigs. The results obtained 

from these experimental models indicated that the oil was effective as an antidiarrheal 

and antispasmodic drug. According to Akah (1988), for a drug to have antidiarrheal 

activity it should inhibit the production of wet or unformed feces in animals and also 

inhibit gastrointestinal propulsive action. In the present study, the oi l was found to inhibit 

castor-oil induced diarrhea in mice, normal and castor oi l induced gastrointestinal 

motility in mice, prostaglandin induced enteropooling in rats and acetylcholine induced 

contraction of guinea pig ileum which are consistent with the above proposition. 

5.1 Inhibition of gastrointestinal motility 

The oil reduced the intestinal propulsive movement in the charcoal meal treated model 

significantly. The extent of inhibition was comparable to that produced by the standard 

drug atropine. The potency difference may be logical since atropine is pure compound 

compared to the oil which is a mixture of many compounds. Thc highcr dosc of the oi l 

produced lesser inhibition compared to the lower once. In fact such observation was also 

reported by previous authors (Owulade et aI., 2004). This effect could be due to the non 

specific effect of the oil on different systems. This is to mean that at higher dose the oi l 

might produce more than one effect which can oppose the inhibitory effect. 

It has been repo11ed that a -pinene has myorelaxant activity on the smooth muscles of the 

intestine (Camara et aI., 2003). So the presence of a-pinene in EOMC (Yadegarinia et 

aI. , 2006) may explain the inhibitory effect of the oil on the normal gastrointestinal 

motility. The mechanism by which atropine inhibits intestinal transit is probably due to 

its anticholinergic effect (lzzo et aI., 1999). So it is possible to deduce that the oi l may 

also inhibit GIT motility by acting on the cholinergic system similar to atropine. The 

above speculation was further suppo11ed by the inhibition of acetylcholine induced ileum 

contraction by the oil in ex-vivo antispasmodic model. 
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5.2 Inhibition of castor oil-induce diarrhea 

Castor oil contains the active component ricinoleate which is converted to ricinoleic acid 

by the action of lipases in the upper small intestine. The released ricinoleic acid is polar 

and hence poorly absorbed from GIT lumen. These compounds are known to induce 

changes in the mucosal permeability, electrolyte transport and intestinal peristalsis, 

leading to hypersecretory response and diarrhea (Zavala et aI., 1998; Yoshio et aI. , 1999; 

Sahoo et aI., 2006). Ricinoleate inhibits the enzyme sodium-potassium ATPase which 

increases the permeability of the intestinal epithelium. It causes cytotoxic effect on 

isolated enterocytes and may also stimulate epithelial cell adenyl cyclase (Munson et aI., 

1995; Goodman and Gilman, 2006). Ricinoleic acid on the other hand causes local 

irritation and inflammation of the intestinal mucosa leading to the release of 

prostaglandins and other mediators. These mediators (prostaglandins and others) increase 

the permeability of the mucosal cell s and alter electrolyte transport, which results in a 

hypersecretory response (decreasing Na+ and K+ absorption), stimulating peristaltic 

activity and finally leading to diarrhea (Zavala et aI., 1998). These all could account for 

castor oil's antiabsorptive and secretory effect on the mucosa and therefore, it is possible 

to conclude that castor oi l diarrheal model incorporates both secretory and motility 

diarrhea and can almost accurately mimic the pathophysiology of diarrhea. 

Pretreatment of mice with the EOMC caused delay in the onset of copious diarrhea, 

decreased the frequency of purging (reduction of number of wet stools and total no of 

stools), and severity of diarrhea (general diarrhea score). Higher dose of the oi l produced 

greater reduction in the amount of stool excreted and the amount of loose stool but the 

difference was not statistically different compared to the middle and lower dose. This 

implies that the oil do have good activity even at the lower dose. Simply the oil produced 

an ADl which is comparable with that produced by the standard antidiarrheal drug 

loperamide. Loperamide, a drug widely used in the management of diarrheal disorders 

effectively antagonizes diarrhea induced by castor oi l (Tanko et aI. , 2011). 

ADI is a measure of the combined effects of the various components of diarrhea such as 

onset of diarrheal stools, purging frequency, and intestinal frequency. The fact that the 

oil produced a significant ADI suggests that it has a strong protective action against 

diarrhea. 

32 



o 
(1 

c 

) 

o 

Earlier research works on the EOMC showed that its main constituents are a-pinene and 

linalool (Monti et aI., 2002; Yadegarinia et aI., 2006). From other investigation these 

constituents: a-pinene (Sadraei et aI., 2001) and linalool (Sousa et aI. , 2011) had 

spasmolytic effect on contraction of GIT smooth muscle. Therefore, inhibition of smooth 

muscle contraction might be a possible explanation for the antidiarrheal activity of the 

oil. 

Prostaglandins play main role in secretory diarrhea induced by castor oil and hence 

prostaglandin inhibition could be one of the candidate targets for the anti secretory effect 

of the oil. This is further supported by the finding that the oil has strong anti­

inflammatory activity (Rossi et aI. , 2009). As mentioned above inflammatory process 

plays role in both experimental and pathological diatThea; antisecratory effect may be as 

a result of the anti-inflammatory effect of the oil and/or direct inhibition of 

prostaglandin. The spasmolytic and anti secretory effects of the oil may explain the 

protection against diarrhea induced by castor oil. 

5.3 Antienteropooling activity 

In this model a prostaglandin analog (misoprostol) was used to induce intestinal fluid 

secretion. Intest inal fluid secretion induced by castor oil is as a result of castor oil 

induced prostaglandins (Yoshio et aI., 1999). One study also showed that a metabolite of 

prostaglandin EI activates a specific chloride channel (CIC-2) in the GIT to enhance 

intestinal fluid secretion (Lacy, 2006). The above arguments show that the use of 

prostaglandins as inducer of GIT fluid secretion is appropriate. 

The oil inhibited intestinal fluid secretion induced by prostaglandins significantly at all 

doses used (100, 200, and 400 mg/kg) and the extent of inhibition was comparable with 

that produced by the standard antidiarrheal drug loperamide. Secretory diarrhea is 

associated with an activation of chloride channels (CFTR), causing cr efflux from the 

cell, this efflux of cr results in massive secretion of water into the intestinal lumen and 

profuse watery diarrhea (Field, 2003). The fact that the oil inhibited intestinal fluid 

secretion seems that it blocks CFTR channels. 

The spasmolytic effect produced by the oil might in part explain the fluid accumulation 

inhibition activity of the oil. That is, when there is decreased motility of GIT, it will give 
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time for fluid to be absorbed from intestinal lumen. Most recently nitric oxide (NO) has 

been claimed to contribute to secretory processes which leads to diarrhea via elevation of 

cGMP and cAMP concentrations (Yu-Chih et aI. , 2005). And therefore, inhibition of 

effect of NO could be a possible mechanism for the anti secretory effect of the oil. 

5.4 Ex-vivo antispasmodic activity 

The antispasmodic activity of EOMC on gu inea pig ileum indicates that it inhibits 

acetylcholine induced contractions. The oi l shifted acetylcholine dose response curve to 

the right and also depressed the maximum response to the agonist acetylcholine, which 

suggests a non competitive antagonism. However, it is difficult to conclude the 

antagonistic feature of the oil as non competitive because higher dose of agonist or much 

lower dose of the oil was not checked. Moreover the presence of several constituents in 

the oi l is also another factor as it is generally difficult to describe the pharmacodynamic 

property of mixture of compounds due to their multiple actions on different biological 

systems. 

The calculated pD2 value shows that the oi l has strong antagonistic potency even better 

than atropine. Actually pA2 value can best describe the antagonistic potency and also 

used to characterize competitive or non-competitive feature of a compound than pD2 but 

pA2 calculation needs molar concentration of the antagonist. As the oil is mixture of 

different compounds it is not possible to calculate the molar concentration. Calculation 

of the molar concentration should be preceded by identification and isolation of the 

active constituent(s) . 

The oil was found to be more active in the ex-vivo model than the in vivo one. This may 

be because the two systems have physiological differences which can affect the potency 

of the oi l. This is to mean that in vivo model is much more complex than the ex-vivo 

model and therefore, the type and the amount of molecules involved and the space to 

which these molecules diffuse is somehow different in the two systems. In addition to 

this, the ex-vivo model the spasmogen acetylcholine is not continuous ly produced by the 

tissue rather added to the medium and hence may not have free access to the ti ssue site of 

action which is not the case in the in vivo model where the spasmogen is produced 

continuously at the site of action. Furthermore, the phannacokinetic parameters can 

reduce the relative amount of oil reaching at the site of action in the in vivo model. 
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When acetylcholine binds to muscarinic receptors (MJ) in smooth muscles, it causes 

opening of receptor gated sodium channels. This allows sodium to enter the cell s which 

causes depolarization of the cell membrane. Depolarization in turn opens voltage 

dependent calcium channels and calc ium ions enter the ce ll to induce the release of 

calcium from the sarcoplasmic reticulum . The cytosolic calcium thus binds to 

calmodulin, which results in contraction (Balton, 1979; Rojas et a!. , 1996). Since the oil 

blocked the activity of the spasmogen acetylcholine, it might be acting at any point in the 

common step in the contraction mechanism elicited by this agonist. In short, the 

anticholinergic activity of the oil could be by blocking MJ muscarinic receptor and/or by 

inhibiting post receptor events which leads to smooth muscle contraction. 

Data obtained from previous research works indicate that the spasmolytic effect of 

essential oils obtained from different plants is due to their effects on Ca2+ ion channels. 

For instance, the blockage of L-Type Ca2
+ channels in the ileum by peppermint oil has 

been shown by means of electrophysiological technique (Hills and Aaronson, 199 1). 

Different researchers claimed that smooth muscle contraction inhibitory effects of 

essential oils from various plants with different components are qualitatively similar 

(Hills and Aaronson, 199 1; Hajhashemi et a!. , 2000). If this is so, all essential oils may 

have a similar mechanism of action. Therefore, the spasmolytic effect of EOMC could be 

due to Ca2
+ ion channel blockage. The above concepts are further supported by another 

scientific finding on the main constituent of EOMC (a-pinene). This finding showed that 

the spasmolytic mechanism of action of a-pinene might be blockage of Ca2
+ channels 

(Mercier et a!. , 2009). 

From the above speculations the anticholinergic activity of the oil appears to be mediated 

through inhibition of post MJ muscarinic receptor events that is, blockage of Ca2
+ 

channels rather than directly blocking the receptor itself. However, further work is 

required before excluding the direct effect of the oil on receptors. 
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6 CONCLUSIONS AND REcoMMENDATIONS 

This study indicates that the essential oil of M communis possesses significant 

antidiarrheal and antispasmodic activity. The antidiarrheal activity produced by the oil 

was proved to be highly potent inhibitor of OIT motility and fluid secretion. The oil also 

possesses antispasmodic activity which is even better than that of atropine when assessed 

in ex-vivo antispasmodic model. Thus, the results obtained confirm scientific basis for 

the use of M communis in traditional medicine, as an antidiarrhoeal agent and treatment 

for stomachache. 

However, further studies are required to identify the active principle(s). As the oil is a 

complex mixture of many compounds, the identity of each of these components and the 

exact mechanism(s) of action of the individual constituents need to be studied. 

Moreover, the antidiarrheal activity of the plant extract is another area to be covered. At 

last even though the plant has been used as spices for longer period of time, chronic 

toxicity should be studied to confirm its long term safety. 
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