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ABSTRJ\CT 

Gns1ric ulcer ond its tre:nmcnt is n global problem, thus the search for n no,•cl drug bccon,cs o 

continuous one. Rispcridonc, though, nn1i-ps)'cho1ic hos been found to exhibit nnti-ulccr 

octivity. hov,cvcr, its n,cchonisms of action ore yet 10 be fully elucidated. The s1udy ,vas 

designed to invcs1ign1e the mechanisms underlying its an1i-ulccr octivity in rots 

Three hundred and thirty-si.� mole \Vistor rots ( 180-210 g) \\'Crc divided into 5 groups of 96, 

48, 96, 64 nnd 32 mis respecti,cl}' nnd uea1ed orally for 21 days. Ninety-six of 1hcm ,verc 

divided into 3 sub-groups 10 be induced ,vilh ulcer using indome1hncin, stnrvntion nnd \Voter 

ln,mersion Restraint Stress (\VIRS) methods. Each sub-group ,vns pre-1rentcd ,vith distilled 

,voter (control) and risperidone (0.1, 0.3. O.S n1g/kg) Forty-eight mis ,vcrc further divided 

into 6 groups; rispcridone (0.5 mg/kg}. indomcthncin (40n1g/kg}, C}'Clooxygennsc-1 inhibitor 

(SC-S60, 40mg/kg), cyclooxygcnnsc-2 inhibitor (cclccoxib, IS mg/kg}, cclccoxib + SC-560 

nnd celccoxib + SC-560 + rispcridone. Gostric ulcers ,vcre scored using standard techniques. 

Ninety-six rots ,verc di,-idcd into 3 sub-groups, ,vith eoeh group treated ,vith distilled ,,'tlter 

and rispcridonc (0.1, 0.3, 0.5 mg/kg) and \\'ere nsscsscd for Gostric Acid Secretion (GAS) 

induced by histamine, pcntognstrin nnd carbochol using continuous perfusion techniques. 

Sixty-four rots \\'ere divided into 2 sub-groups and treated ,vith dis1illed ,vo1cr and risperidone 

(0.1, 0.3. 0.5 ,ng/kg) for the nsscssmenl of Gnstric �lucus Secrclion (OMS) ond Gastric 

l\lucus Cell Coun1s (01\ICC) using spcc1ropho101ne1ty ond cnlibrn1ed 1nicroscopy 

rcspcc1ively. Thirty l\\'O rots divided inlo four 1reotmen1 groups; distilled ,voter and 

rispcridone (0.1, 0.3, 0.5 mg.lkg) ,vere used for detennination of mnloodinldehydc level by 

spectrophotometry. Histological studies on stomach tissues "·ere done ofter staining ,vith 

111.':::E and PAS stains using light microscope. Doto '"ere nnnlyscd using S1udcnt's 1-tcsl and 

ANOVA nl p= 0.05. 

Rispcridone cnuscd o signilicnnt dose-dependent reduction in gastric ulcer scores [O. lmg/k.g 

(3.5±0.2), 0.31ng/kg (1.9±0.3), O.S1ng/kg (1.2±0.2)) con1pt1rcd ,vith control (5.6±0.3) in 

\VIRS; [0. l mg/kg (4.0 ±0.3), 0.3mglkg (2.3±0.2), O.Smg.lkg (l .8:i:0.2)] compnrcd \\ith control 
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(6.1 :t O 3) in st.arvation and (O.lmg/kg (4.9i:0.3). 0.3 mg/kg (2.0:!:0.2), 0 5 mg/kg (1.3±0.2)] 

compared ,vith control (6.4:i:0.4) in indomethacin-induced ulcer models. Cclecoxib in 

combination ,vith SC-560 caused signilicw,t gastric drunagc ,,ith gastric ulcer score of 

4.3:1:0.4, ,vhich ,vos significontly reduced by rispcridonc (0.5 mg/kg; 1.6±0.2). Rispcridone 

significantly inhibited GAS induced by histruninc and pcntognstnn but not GAS produced by 

cnrbnchol. The GMS (mg/g tissue xl0'2) increased significontly in the O.ln1g/kg (1.1:t0.1),

OJ mg/kg ( 1.3±0.1) nnd O.Smg/kg (l.4:!:0.2) compnred ,,ith the control (0.6±0.03). TI1crc 

,vns n dose-dependent increase in the GMCC (rnn,2) in rispcridonc-trcntcd groups [0.1 rng/kg 

( 121.2:t:5.0), OJ mg/kg ( 129±2.5) nnd 0.5mg/kg ( 129:1:J.8)] rclotive to the control ( I 03.3:t-l.2). 

Molondialdchydc (nmol/L x I 0-9) level \\'OS significontly decreased by risperidone [0.1 mg/kg 

(194.0±0.01), 0.)mg/kg (183.0± 0.01) nnd 0.5mglkg (106.0± 0.01)] compared to control 

group (257.0± 0.0 I). llistology revealed reduced mucosol epithelial ond lamino propria 

damage in rispcridonc-trcntcd groups compared ,,�th control. 

Rispcridone reduced gastric ulceration vin mechnnisms rclnted to inhibition of gastric acid 

secretion n1ediotcd through histruninc H2 nnd gnstrin receptors. Its nnti-ulccr propcny may 

nlso be rclntcd to its antioxidnnt, gostroprotective nnd eyclooxygennsc modulating activities. 

l(cy-1\'0rds: Rispcridonc, 

C)•clooxygcnnsc n,odulntion 

\Vord Count: 500 

Stnrvntion-induced gastric ulcer, Gostroprotcction, 
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CHAPTER ONE 

1.0 INTRODUCTION 

The term peptic ulcer disensc (PUD) is commonly used to refer to ulcerations of the stornach, 

duodenum, or botl1, but peptic ulcers con develop in any portion of tl1c gastrointestinal tract 

that is exposed to acid and pepsin in sufficient concentrntion and durotion. PUD usually 

occurs in the stomach and proximal duodenun1. Ho\vever, it occurs rarely in the lo,vcr 

oesophagus, the distal duodcnun1, or tltc jejunum, us in unopposed hypersecretory states such 

as the Zollinger- Ellison syndrome, in hiotoJ hernias (Cnmcron ulcers), or in ectopic gastric 

mucosa (e.g., in Meckel's diveniculum). Approximately, 500,000 nc,v cases and 4 million 

rccum:nccs of peptic ulcers occur in tlte United States each year (Kurata, 1989). The lifetime 

prevalence of PUD in the United States is 12% in men ond 10% in ,vomen. Moreover, an 

estimated I 5,000 dcoths per year occurred as o consequence of complicated PUD. The 

firulnciaJ impact of PUD is subslDJltinl ,vith on estimated burden on direct and indirect bcaJtlt 

care costs ofSIO billion per year in the United States (Volle, 2008). 

PUD includes both gastric and duodenal ulcers. Ulcers ore defined as breaks in tl1e mucosaJ 

surface >5 mm in size ,vith depth to the submucosn. Duodenal ulcers (DUs) and gastric ulcers 

(GUs) shore many common features in terms of potllogcncsis, diagnosis, and treatment, but 

several factors distinguish them from one another. Helicobocter pylori (H. pylori) and non

steroid anti-inflammatory drugs (NSAIDs) induced injury account for the majority of DUs. 
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Many acid secretory abnormalities have been described in DU patients. DUs arc estimated lo 

occur in 6-15% of the \Vestem population. The incidence of DUs declined steadily from 1960 

to 1980 and hos remained stable since then (Valle, 2008). The reason for the reduction in the 

frequency of DUs is likely related to the decreasing frequency of  H. pylori. DUs occur most 

often in the first portion of duodenum (>95%), with 90% of them located ,vi thin 3 cm of the 

pylorus. They arc usually greater or equal to one �I) cm in diameter but can occasionnJly 

reach 3-6 cm (giant ulcers). Ulcers arc sha.rply deo1arco1ed ,vith their depth at times reaching 

the museularis proprio. The base of the ulcer often consists of o zone of cosinophilic necrosis 

,vit11 surrounding fibrosis. Malignant DUs are extremely rare. 

Gastric ulcer is o multifoclorial etiological disease. Several factors ,vbich play o significant 

role in gastric ulcerogcncsis include stress, trauma, sepsis, hcn1orrhagic shock, bums,

Helicobacter pylori, steroidal and non-steroidal drugs (Feldman et al., 2002; Hoodenvcrf et 

al., 2006). Regardless of grc.il advances in tlte field of medical science end understnnding of 

the peptic ulcer illness, gastric ulcers aetiology is still not completely understood. The most 

important factor responsible for tile genesis of gnstric ulcers is the in1balanc0 bet,vcen the 

defensive factors, such as secretion of mucus and bicarbonates, and offensive factors, such as 

increased secretion of acid and pepsin (Romokrishnnn and Solinas, 2007). Thus, gnstric ulcer 

is o benign lesion of the gastric mucosa, \\1hich occurs 01 the site ,vhcrc tl1e rnucosal 

cpitl1clium is continuously exposed to acid and pepsin (Andrade et al., 2007). GUs tends to 

occur Inter in life lhnn duodenal lesions, ,vit11 o peak incidence rcponed in the sixth decade. 

More tllo.n half of GUs occurs in men. GUs is less common titan DUs and has o. higher 

likelihood tbo.n OUs of being silent o.nd presenting only ofter a complication develops. In 
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contrast to DUs, GUs can represent a malignancy. Benign GUs ore most often found distal to 

the junction bct\veen the antrum and the acid secretory mucosa. Benign GU is quite rnre in 

the gastric fund us and is histologically similar to DUs. The majority of OUs can be auributed 

to either H. pylori or NSAJD-induced mucosnl drunage. GUs that occur in the prepyloric area 

or those in the body associated \Vith a DUs or a duodenal scar arc similar in pathogenesis to 

DUs. Under nonnal conditions, a physiologic balance exist.s bct\veen peptic acid secretion 

and gastroduodenal mucosol defence. MucosnJ injury (peptic ulcer) occurs \Vhen the baJnncc 

bct\\'Cen the aggressive factors ruid the defensive mccbanisn1s is disrupted. 

Aggressive factors include abnonnalities in gastric acid secretion and H. pylori infection. 

Increased gastric parietal cell moss, incrcnsed n1a«imal, basal, daytime, and nocturnal acid 

output (Blair et al., 1987; Merki et al., 1988). Other aggressive factors for DU arc increased 

duration of menl-stimulated acid secretion and fasting scrum gastrin levels {El-Omar er al., 

1995) and decreased bicarbonate production by the proximal duodenum. On the other hand 

increased serun1 levels of pepsinogen (SllnlJo et al., 1986), increased duodenognstric reflux 

(Fisher and Cohen, 1973), and decreased gnstric porietaJ coll mass ns well as m:ucimal ocid 

output are aggressive factors for GU. NSAIDs represent a group of the most commonly used 

medications and asympton1atic ulcerntions have been documented endoscopically in 15% to 

45% of patients on chronic NSAID thcrnpy (Lnine., 2001). Ho,vever, 1% to 4% of patients 

receiving NSAIDs for one year ,viii experience serious gastrointestinal complications (Lnine, 

2001). NSAID-induced injury could be either due to inhibition of the cyclooxygcnase 

enzyme, inhibiting prostoglnndin synthesis ,vhich impairs mucosa! defence and repair and 

facilitates mucosol injury or direct loClll mucosal toxic processes. 
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TI1e mechanism responsible for increased ulcer diathesis in smokers is unkno,vn. Theories 

hove included altered gastric emptying, increased gastric acidity, increased maximal acid

output, decreased proximal duodenal bicarbonate production increased risk for H. pylori 

infection nnd cigarette-induced generation of noxious mueosal free radicals ((Aifl5'vorth et 

al., 1993; Bateson, 1993). 

Proposed genetic markers for ulcer disensc include blood group O antigen, the lack of 

secretion of blood group nntigens in the saliva, ond the presence of certain human leukocyte 

antigen subtYJ)Cs (Rotter, 1983). No study hns established a convincing link bcl\vcen diet and 

PUD. Ulcer patients often describe dyspepsia associated ,vith the ingestion of certain foods, 

especially spicy foods, but the evidence that such foods cause ulceration is virtually lacking. 

Coffee, ten, and colas arc potent gastric acid secretogogucs (McArthur, Hogan and Isenberg, 

1982), but epiden1iologic studies hnve not established an nssociation bcl\veen these beverages

and PUD. Rarely, PUD results from disorders thnt cause the stomach to secrete gnstric acid in 

quantities so large thnt they overwheln1 the normal epithelial defense mechanisms. These 

disorders include gastrinonin (Zollinger- Ellison syndrome) or multiple endocrine neoplasin, 

antral G cell hyperplasia, systernic mnstocytosis, and basophilic leukemios. 

A number of reports hnvc suggested that emotional stress might cause or exacerbate peptic 

ulccrntion (\VnJkcr and Feldman, 1992). Some antidepressant drugs reported 10 hove antiuJcer 

oc1ivi1y arc doxepin (Shrivastavo et al., 1985; Hamid and Taghi, 1997), Ouvoxomine 

(Dursun ct al., 2009), lrimiprnminc (Guldnhl et al., 1977; Anderson et ul., 1984) and 

monoruninc oxidasc type B (MAO-B) inhibitors (de Abojo et al., 1999). \Vh.ilc, anti-psychotic 

drugs ,vith Mti-ulccr octivily, arc perospironc (Ishida- Tokuda cl al., 1996) and risperidonc 
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(Saxenn nnd Singh, 2011 ). Steroid and non-steroidal drugs, cigarettes, alcohol usage, trauma, 

sepsis, shock, Helicobncter pylori, and stress have been shown to contribute 10 gastric ulcer 

formation (M6zsik nnd Javor, 1988; Davies et al .• 1994; Ding et al., 1998; Hoodcnverf and 

Pasricha, 2006). 

Stress is one of the aggressive fnctors in peptic ulcer formalion (Figure I) nnd underlies many 

other diseases apart frorn ulcers, for exrunple, depression. Stress is one of the most commonly 

used methods 10 produce ulcer models (Brzozo,vski et al.. 2008; K ,viecien et al., 2007). 

Depression, accompanied by psychotic and somalic symptoms, is present in most patients 

,Yirh gastrointestinal system (GlS) ulcers (Guldahl, 1977). An increased vulnerability to 

depression (Pare, 1989) and anxiety (Glavin, 1993) in experimental animals is pa.rnUeled with 

ulcer development and the snn1e holds Lrue for humans (Sjodin et al .• 1985; Feldman et al.,

1986). Moreover, antidepressants (Ries et al., 1984; Mangla et al. 1982) and nnxiolytics 

(Shrivnstava and Siegel, 1984; Haggeny and Drossman, 1985) can significantly reduce stress 

ulcer formation, perhaps to a greater extent than that seen ,vith traditional therapies such as 

cimetidine and antacids (Shrivnstava ct al., 1985). Gastric side effects of sclcclive serotonin 

rcuptakc inhibitor (SSRJ) drugs hove been reported (Le,vis et al., 2008). The combined usage 

of SSRJ drugs and indomethncin has been reported to cause gnstrointcstinnl bleeding (de 

Abajo et al., 1999). However, Glavin et al.(1998) reported that several novel nrylpipcrazine 

serotonin IA receptor (5HT,-A) ogonists, developed as nnxiolytics, have anlisecretory and 

gastroprotective elTccts in rots. In addition, 5HT,-A nntagonists increase the potency of 

serotonin-related controctions in stomnch tissue (Burka et al., 1989), ,vhilc the 5HTt-A 

ogonist buspiron decreases stomach and intestinal distension (Tack, 1999). In the light of this 
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literature, it cnn be hypothesized that the nntiulcer effect of risperidono may be related to the 

stimulation of 5HT1- A receptors, but further detailed s1udies are required to clarify this point. 

Thus, gastric ulcer is caused by imbalance bet\l,een the gastroduodcnnl mucosal defensive 

factors such as bicarbonate, mucus nnd aggressive factors such as acid nnd pepsin (Sostrcs 

ond Lonas, 2011 ). Mnny of  the nnti-uJccr drugs in use have been found to hove adverse 

effects recurrent infection after a fe,v ,veeks (Chon and Leung, 2002). However, the goals of 

treating gastric ulcer include relief of pain, healing of the ulcer and prevention of its 

recurrence (Sostres ond Lonas, 2011 ). The successful treatment of gastric lesion depends on 

augmentation of the defensive factors of the gastric mucosa nnd blockage of acid secretion 

(Borelli and Izzo, 2000). 
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Figure I Diagram ofho,v stress induces peptic ulcer (Brzozo,vski et al., 2008) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



1.1 STATEMENT OF THE PROBLEM 

Antipsychotics espcciolly rispcridone though suspected to have gastroprotection activity has 

not been fully documented. 

1.2 GENERAL OBJECTIVE 

The present study ,vns carried out to explore the possible o.nti· gastric ulcer activity of the 

anti psychotic, risperidone (R) ns ,veil ns its mcchanisrn(s) of action in mole Wister rots. 

1.3 SPEClFIC OBJECTIVES 

The ,vork ,vos divided into six major studies; 

I. To investigate the acclaimed anti-ulcer effect of risperidone using different ulcer models;

\Voter immersion-restrnint stress (\VTRS) ·, lndomethocin- and Stnrvotion- induced gastric 

ulcer. 

2. To determine the onti-sccrc1ory cfTcct of risperidone on bnsol o.nd maximal secretion using

three ogonists nnmely hislllminc, pcntognstrin (gostrin) o.nd Clllbochol ( on nnnloguc of 

occtylcholinc). 

3. To investigate the go.stroprotective activity of rispcridonc by determining ilS effect on

gastric mucus secretion and gnstric mucus cell counts. 
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4. To determine the effect of risperidonc on indomcthacin, cyclooxygcnasc I inhibitor (SC·

560) nnd cyc)ooxgenase 2 inhibitor (celecoxib) induced gastric ulceration.

5. To determine the antioxidant stntus of risperidonc on treated animals by measuring

mnlondialdehyde (MDA) concentration. 

6. ·ro determine the histological changes due to the effect of rispcridonc on gastric mucosa!

cells 

... 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 STRUCTURE AND FUNCTION OF THE STOMACH 

The stomach is ,videly kno,vn for its role in food storage, processing and gastric acid 

secretion (Hersey nnd Sach, 1995). The stomach located in the left upper quadrant of the 

abdomen belo,v the diapb.rngm, is a distcnsiblc sac-like structure ,vith strong, muscular walls 

(figure 2). Arterial blood supply to the stomach is from the celinc LrUnk via the left and the 

right gastric artery ,vhile the venous drainage is through the left and right gastric veins into 

the portnl vein. The innervations of the stomach involve the sympathetic nerve supply from 

T6 - T9 segments or the spinal cord. This passes to the celiac plexus through the greater 

splnnchnic nerve. \Vhilc the parasympathetic nerve supply is from the anterior vagus nerve 

(Keith Moore, 2000). 

111e stomach can expand significantly to store all the food from a meal for both mcchonical 

ond chemical processing. The stomach contracts about three times per minute, churning the 

food and mixing it ,vith gastric juice (Ganong, 2003). The stomach consists of various glands, 

\\
1hich in tum consist of various cells responsible for secreting different materials. The 

oxyntic gland located mainly on the body of the stomach contains parietal cells, ,vhich secrete 

hydrochloric acid and intrinsic factor and chief cells ,vhich secrete pcpsinogcn (a precursor to 

pepsin). The surface n1ucosnl cells and the neck cells of the gastric gland secrete mucus and 

liule bicarbonate (I IC01 ). 111is fluid, secreted by thousands of gastric glands in the lining of 

the stomach, consists of ,vater, hydrochloric acid, on enzyme called pepsin, and mucin (the _. � 

..... \.\��t�
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main component of mucus). The mucus and the 11C03 • piny important roles in ensuring that 

the mucosa/lining of the stomach is not dnmaged by excess ncidity. Changes in intra-gastric 

pH are n very important signal in the regulntion of gnstrie ncid secretion during meal. This is 

because gnstric ncid secretion is nctivated by the presence of food buffers ,vhich cnuscs high 

luminnl pH in the stomnch (Ganong, 2003). Hydrochloric ncid creates the ncidic environment 

required for pepsin to begin the digestion of proteins. It nlso kills microorganisms thnt may 

hove been ingested along ,vith meals. Mucin coots the stomach, protecting it from the effects 

of the acid and pepsin. About four hours or less nftcr n mcnl, food processed by the stomach, 

cnlled chyme, begins passing a lillle at o time through the pyloric sphincter into the 

duodenum, the first portion of the small intestine (Ganong, 2003). 

2.2 IDSTORY OF GASTRIC ACID STUDY 

\Villiam Prout ( 1785-1850) is kno,vn for his discovery of the nature of tl1e acid in the stomach 

of animnls. He identified free hydrochloric acid in the gastric juice of various animols and 

humnns afier a meal and suggested thnt it ,vns derived from the common snit of the blood by 

the force of gnlvnnization (electricity). Before this finding, Prout favoured phosphoric acid ns 

the ngent responsible for the ncidity of gastric juice. Army surgeon \Villiam Beaumont's 

(1785-1853) conducted n classical research on Alexis St. Martin; a Cnnodinn ,vith a 

pcnnancnt gastric fistula that remnined oficr on accidentnl gunshot in 1822 had healed. 

Beaumont recognized the acid chll!llctcr of the gastric juice secreted in response to food and 

alcohol ingestion. He published his findings in Experiments and Observations on Gnstric 

Juice and the Physiology of Digestion (1833). All doubt ,vns filllllly dispelled by the 

publication in 1852 of"Gnstric Juice and �lctobolisrn: A Physiological-Chemicnl 
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Figure 2 Diagram sho,ving the nnntomical structure of the stomnch (Hersey nnd Snch. 1995) 
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Investigation" by Fredrick Bidder (1810-1894) and Carl Schmidt (1822-1894) of the 

University of Dorpat. From their quantitative analyses of the gastric juice collected by means 

of n fistula created in different species of live animols, Bidder nnd Schmidt proved that the 

acid of gastric juice is exclusively hydrochloric acid. In 1878, Hcindcbnin removed a small 

portion of the greater curvature of the stomach and formed it into n pouch. The secretion of 

the pouch could be removed through a fistula mode by bringing the opening of the pouch 

through o stab ,vound in the belly wall. A pouch such as this may be considered to represent a 

miniature stomach, \\1hich mirrors the secretory events occurring in the stomach. The 

secretion obtained from the pouch ,vcrc not contruninntcd \\ith food, saliva or materials 

regurgitotcd from the intestine. The vngal connection to the Hcindnhnio pouch ,vcrc 

completely severed, therefore, results obtained from this preparation may not be 

reprcscntntivc of secretion as it occurs in the moin stomach. However, the pouch is useful 

,vhcn gastric secretion is to be studied in the absence of vagol iMervntions (Murphy, 1998). 

lo 1902, Pavlov Joo Pctrovitch n1ade a pouch to \\0hich many vngal connections ,vcre 

maintained intoct. Continuity between the pouch and the ma.in stomach ,vns retained by a 

bridge of tissue through ,vhich vagol nerve fibres travelled to the pouch. Thus, the gastric 

secretions ,vere obtained (Murphy, 1998). Another \\IOS no animal ,vith csophngotomy. Since 

ingested mntcriols can be drained from the upper oesophageal fistula, food cnn be 

administered orolly ,vithout coming into contact ,vith the more distal regions of the digestive

tract. On the other hand, food con be introduced through the IO\\'Cr ocsophngeru fistula in 

order to climinntc stimulation of the oral cavity. As such, gastric juice is obtained. Ho\\-cvcr, a 

8115tric pouch in conjunction ,vith csophogotomy is oflcn used in order to obtain gastric juice 

(Murphy, 1998). llollandes (1954) first diITcrentintcd gastric secretions as parietal and non-
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parietal secretions. Later this non-parietal secretion wns identified as bicarbonate secretion 

(Allen et al, 1993). 

2.3 METHODS OF STUDYING GASTRIC ACID SECRETION 

For more tbnn n century, not much ,vns done to investigate the a.mount of gastric acid secreted 

because of the unnvnilnbility of n device that can collect pure gastric juice ,vithout 

contamination ,vith food particles. In nnimnls, it is possible to obtnin samples of juice 

secreted only in the pnrietal cells by isolating n pouch of the mucosa of the stomach. The 

collection of gastric juice from pouches ,vas first devised by Pnvlov (1910). He did this by 

mnking an incompletely separated pouch of part of the stomach nnd ensured thnt the vngus 

nerve \VOS intact. Thus, the pouch ,vos referred to as 'vngnlly' innervnted pouch. In recent 

times, in vivo and in vitro mcrJ1ods have been devised to study gastric acid secretion. In vitro 

methods ,vere used by Davies (1948) and Davenport (1957). They used these methods to 

describe the membrane transport across the gastric mucosa and several other chemicnl events. 

In vivo studies involve the use of intnct, ,vhole and conscious nnimllls.Thc methods include: 

nasogastric tube, gastric 6stuJa, continuous perfusion of rJ,e stomach, gastric pouches and 

shorn feeding. 

2.3.1 Nosognstric tube 

An aspirating in-d,vclling tube is inserted into the stomnch through the mouth or nose. The 

tube is placed in the most distended portion of the stomach of the nnimnJ under fluoroscopy. 

11,rough this tube, gastric secretion cnn be collected nnd nnnlyzed for volume, p1'l 

conccntrotion of HCI, pepsin, etc. 
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2.3.2 Gastric fistula 

Procedure ,vas first used by Beaumont (1833) on a child ,vbo sustained a gunshot wound and 

it ,vas feared that the gastric function would be seriously endangered as the bullet hit the 

stomach directly. ln order to help the child, a gastric fistula ,vas placed in the body of the 

stomach very close to the antrum along the greater curvature to provide for optimal drainage 

and diversion of acid from the antral and duodenal mucosa. Titls helped to nonnaliu gastric 

function. Other scientists such as Basou (1842) nod Blondot (1843) used this procedure on 

dogs. 

2.3.J Continuous perfusion of the stomach 

This method was devised by Ghosh nod Schild (1958) by using a perfusate ,vbich chnngcs its 

pH ,vhen acid is secreted. The nnimnl to be used is fasted at least 24 h_rs prior to the time of 

the experiment. The anin,al is anaesthetized using intrnperitoneal injection of urelhane (25%) 

at a dosage of 0.6 ml/ I OOg of animal body ,veight. The animal is then laid supine on a botud 

and its limbs are tied to prevent movement. The fur in the neck region is shaved; the 

underlying connective tissue is cut open by blunt dissection to minimize bleeding, and this 

exposes the trachea. A small incision is made on the upper p:1r1 of the trachea to ensure free 

flow of air and increase ventilation. The fur in the middle part of the linea alba is shaved and 

o small midline incision is made into the abdominal muscle. The underlying conne<:li\'e tissue

and fasc::ia ore both removed using blunt dissection. \Vhcn the stomach is identified a small 

incision is made at the g.n.sLrO-duodcnol junction nod a cannula is inserted and ligated \\ilh a 

thread. The oesophageal cannula of the \Votson Marlo,v's flo,v meter or the modified 

Langerdofrs opparotus is inserted through the mouth of the animal. The pcrfusing fluid. 
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which is nonnal saline, is then run 1hrough 1he oesophageal CWlllula into lhe stomach and out 

through the duodenal cannula. This is done to wash out any remaining debris and avoid 

conlamination of the gastric juice. The slomnch is returned into the peritoneum with the 

cannula still in place and collection of effluent is done every IO minules. 

2.3.4 Gastric pouch prc:poration 

This method aUo,vs for direct investigation into the functions of the slomach. The first 

gastric pouch was developed by Pavlov (1910). Olhcr scicnlisls had since modified the 

Pavlov's pouches (Heidehain, 1987; t<i11ch, 1912; Ivy, 1926). These pouches help to 

investigate both the neural nnd honnonal control of the secretory functions of the stomach by 

separating these controls and observing their individual effects on gastric acid secretion. 

2.3.S Sham ftetling 

This involves stimulating lhe cephalic phase of gastric secretion by stimuli such as smell or 

taste of food. This method ,vas used by Pavlov to study the post-pl"lllldial response of the 

stomach to food inl.Oke. An oesophageal opening is crcoted so thnl oil s,vallo,vcd food will go 

in through lhis opening. A cannula is then placed in the stomach to collect gastric acid 

secretion (Best and Taylor, 1990). 
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2.4 MAJOR COMPONENTS OF GASTRIC JUICE 

2.4.l Role of Parietal Cells lo Gastric Acid Secretioo 

ln humnos, the rate of secretion of gastric acid is about 2 to 3 liters per day (Guyton ond Hall, 

2000). Chemically, gastric acid consists mainly of hydrochloric acid (HCI) (around 0.5%, or 

5000 pans per million), and large quantities of potassium chloride (KCI) and sodium chloride 

(NaCl). Gastric acid is produced by parictol cells (also called oxyntic cells) in the stomach. Its 

secretion is a complex and relatively energeticolly expensive process. Parietal cells contrun an 

extensive secretory nct,vork (called canoliculi) from which the gnstric acid is secreted into lbc

lumen of the stomach. These cells are parl of epithelial fundic glands in the gostric mucosa. 

The pH of gastric acid is 1.8 to 3.5 in the human stomach lumen, the acidity being maintained 

by the proton pump, W-K• A TPase. The pnrictal cell releases bicarbonate into the blood 

stream in the process, ,vhich causes the temporary rise in pH in the blood, kno,vn os olhlinc 

tide. 

Pnrietal cells that secrete the gastric acid hove 4 major receptors namely: 

I .  H2 receptors that respond to histornine from the enterochromnffin-likc cells 

2. M3 muscarinic receptors that responds to ncetylcholine from the vngus nerve

3. SST2 receptors that respond 10 somatostotin from D cells

4. CCK1 receptors that respond to gostrin from the G cells

l!nrly investigations defined most of our kno\vlcdge about gastric cbloridc secretion but lltC

derived solely from in vivo (steady slOtc) experiments or in vitro preparations of isolated 
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amphibion mucosa. More recent infonnation from mllrMUllio.n systems hove identified baso

lotcral No•-K•-cr co-transporter NKCCl ond Cr-Hco1• exchanger, AE2 os potential routes 

for chloride uptake by gastric cpithcliol cells ond has identified o CLC-2 os o pH sensitive er 

channel thot may represent rut apical efflux route for er secretion in parietal cells. The 

principle of electrical neutrality of solutions requires that exactly tJ1e same number of onions 

as hydrogen ions be present. Figure 3 sho,vs schematically the process of gastric ocid 

fonnation and secretion. The hydrochloric acid is formed at the villus-like projections inside 

these canaliculi nod is then conducted through these connliculi to the exterior. In order to 

satisfy this principle, chloride ions pnss from the plasma through the cells into the secretion 

being dragged nlong by the positive charge of the 1-r. The chloride ions an: replaced by 

bicarbonate ions fonncd in the cells alongside hydrogen ions (Grutong, 2003). 

2.5 MECBANJSM OF HC.L SECRETION BY PARIETAL CELL 

The most recent theory of the mechanism of gostric ocid secretion is the 1-r-K'"-A TPosc 

theory v.hich 1s as follows: 

Chloride ions are actively transported from the cytoplasm of the p.victal cell into the lumen of 

the cnnaliculus nnd sodium ions are oc11vely tmnsponcd out of the lumen. A potenllill of 

about -40 to -70 m V is creotcd 1n the conoliculus. This negative potentiaJ causes the 

diffusion of positively char&cd potassium ions and o smaJI amount of sodium ions from the 

cell cytoplasm into the cnnoliculus. Chloride ions ore actively trnnsponcd from the C)1oplnsm

of the parietal cell 1010 the lumen of the cnnaJlculus and sod1un\ ions nrc acthel) trnnsported 
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out of the lumen. A potentio.l of about -40 to -70 m V is created in the canaliculus. This 

negative potential causes the diffusion of positively charged potassium ions and a smal l 

amount of sodium ions from the cell cytoplasm into the co.no.liculus. Water dissociates into 1-r+

ond OH. in the cell cytoplasm (figure 4). The hydrogen ions o.re actively secreted into the 

conoliculus in exchange for potassium ions o.nd this exchange is catalyzed by H•-K• A TPasc. 

ln addition, the sodium ions are actively reabsorbed by a separate sodium pump. Thus most of 

the sodium ond potassium ions that entered into the conaliculus are reabsorbed into the cell 

cytoplasm and are replaced by hydrogen ions in the conoliculus giving a strong solution of 

hydrochloric acid ,vhich is secreted into the lumen of the oxyntic gland (Ganong, 

2006). Active lmnsport by A TPase is indicated by arro,vs in circles. 1-r+ is secreted into the 

gastric lumen in exchange for � by 1-r+-� A TPo.sc. HCOJ- is exchanged for er in the 

interstitial fluid by on anti-port, and Na·-� ATPo.sc keeps inlJ'Ucellulnr Nit lo,v. Do.shed 

o.m,,vs indicate diffusion (Gnnong, 2006). \Voter passes into the cono.liculus by osmosis due 

to the secretion of osmotically active ions into the conoliculus. Thus, the final secretion from 

the canaliculus contains hydrochloric acid at an approximate concentration of 150 to 160

mEq/L, potassium chloride ot o concentration of I SmEq/L ond o small o.n,ount of sodium 

chloride (Ganong, 2003). The enzyme coiled carbonic anhydrase cato.lyscs the reaction 

between carbon dioxide fonncd during cellular metobolism or entering the cell from blood 

and ,,'Bter to fonn carbonic acid. This acid immcdiotely dissociotcs into h)drogen and 

bicarbonate ions The hydrogen ions lco,e the cell through I r'-K• A TPo.se onti-port pumps 

while the bicarbonate ions diffuse out of the cell cytoplasm into extracellular fluid in 

exchange for chloride ions. The highest concentration thot reaches the stomach is 160 m�1 per 
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liter in the canaliculi. This is about 3 million times that of arterial blood, but almost exactly 

isotonic ,vith other body fluids. 11,e lowest pH of the secreted acid is 0.8 demonstrating its 

extreme acidity, but the acid is diluted in the stomach lumen to a pH between I and 3. To 

concentrate this tremendous amount of W more than I S00 colories of energy is required per 

liter of gastric juice (Ganong. 2003). 

2.5.1 REGULATION OF GASTRIC ACID SECRETION (GAS) 

Stimulation of gastric acid secretion ,vas divided into a central or cephalic phase, as 

envisioned by Pavlov, and a peripheral phase. as detennined by injection of a putative 

regulator of acid secretion. The central phase results from stimulation of vagal outflow from 

the central nervous system and post-ganglionic release of neurotransmitters ,vi thin the gastric 

epithelium, while the peripherol phase is from exocytotic events in gastric or intestinnl 

endocrine cells. The centrol post-ganglionic pathY,ay converges on either the gastric 

endocrine cells or the parietal cell or both. Therefore. a definition of neurally mediated 

regulation is alteration in secretion due to a direct elTect of substances released from gastric 

nerves; peripheral regulation derives from altcmtion in secretion due to substnnccs released 

from endocrine cells (Pavlov, 1910; Duke et al., 196S; Tachc nnd Ynng, 1990). At lhc tum of 

the century, Edkins discovered gastrin (Edkins, 1906). Loc,vi disco, crcd oce�lcbolinc 

(Loewi, 1921) and while hist.amine was by Dale (BBrgcr Md Dale, 1911). So by the 1920s, 

many of the peripheral secretogogucs that arc cited today hod been described although it tool. 

ho.If o century for the idea of gnstrln to be accepted l lo\\ever, the gnstnnolog,sts discounted 

any role for h,swnine. 
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2.5.1.1 PHASES OF GASTRIC ACID SECRETION 

Several years ago, regulation of gastric acid ,vas divided into three phases. 

a. The cephalic phase

Thirty percent (30%) of the lotal gastric acid to be produced is stimulated by anticipation of 

eating and the smell or taste of food. This phase is controlled by the brain and may be 

stimulated by thoughts for food. Vagal impulses cause the release of  acetylcholine in the body 

of the stomach. Acetycholine both directly increase gastric acid secretion and also stimulate 

bistrunine release. 

b. The gastric pruasc

Sixty percent (60%) of the acid secreted is stimulated by the distension of the stomach \\1th 

food and proteins produced from digestion, ,vhich causes even more gastrin production. Also, 

low pH at the antral portion of the stomach inhibits this phn.se through the release of 

somatostatin, ,vbich is an important mechanism in the control of gastric acid secretion. 

c. The intestinal phase

The remaining 10% of acid is secreted ,vhen chyme cntc� the smnll intestine, and is 

stimulated by distension of the small intestine. 

Current c-0nccpl hos broadly divided these modes of regulation into 1,,'0 I\IUTlely, central and 

peripheral. Also gastric acid secretion (OAS) ,�hethcr in response to periphmil and/or central 

administmtion of chem1col or clcctncol stimuli con be d1rrcrcn11otcd by ,·1111otomy 
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2.5.2 CELLULAR BASIS OF REGULATION OF ACID SECRETION 

The first 25 years of the twentieth century defined the major mechanisms of  stimulation of 

acid secretion. Gnstrin, a hormone released from the antrum (Edkins, 1906), and acetylcholine, 

released from the vagus (Loe,vi, 1921}, were early upon the scene, dividing regulation of acid 

secretion into a peripheral and central phnsc, respectively. Although it was recognized that 

histamine ,vas a potent stimulus of acid secretion (Popiclski et al .. 1920), histamine remained 

for many years a controversial actor on this stage. 

Therapeutic regulation of acid secretion until 1973 depended either on surgical intervention 

or oo the use of vagal blockade by extract of belladonna or atropine. In early I 970s, the 

introduction of the first H2-receptor antagonist, cimetidinc, not only changed medical therapy 

but also changed our understanding of gastric regulatory physiology (Bl:sck et al., 1972). This 

Hrrcccptor antagonist not only blocked histamine-induced acid secretion, but also gastrin 

induced acid secretion nnd blocked much, but not nil, of the vogolly-mediotcd acid secretion 

(Bia.ck et al., 1972). Since the histamine molecule bears no resemblance to either gnstrin or 

acctylcbolinc, evidently the release of histnrninc is a major regulatory event in the stimulation 

of acid secretion. In vivo experiments suggested that nn hisuunine-contnining cell in the 

gastric mucosa, the enterochromoffin-likc (ECL) cell, ,vas the cell stimulnted by gastrin or 

acctylcholinc to release histamine. This histamine release mediated oil or most of the 

stimulation of gastric acid secretion (Hokanson et of., I 986). This cell type, not the mast cell, 

was in the right location and sho,ved tl1c right responses for an intermediary in secretory 

stimulation. Oostrin release fron, the antral O cell accounts for most of the stimulation of 

hiswnine relcosc from the ECL cell in vivo, and therefore, the O cell plays n vital role in 
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stimulation of acid secretion. The somntostmin-containing D cell is located both in fundus 

nnd antrum, and somntostntin inhibits both G nnd ECL cell function. Regulation of acid

secretion by gastric endocrine cells involves, therefore, positive and negative interactions 

bet\vccn a triumvirate, G, ECL and D cells (Sachs et al., 1994). 

a. Histamine

Histamine is a biogenic nmine involved in  local immune responses as ,veil as regulating 

physiological function in the gut and ocling as a neurotrnnsmitter. Histamine is synthesized 

from the dccarboxylation of the amino ocid histidine, a reaction catalyzed by the enzyme L

histidine decarboxylase (L-HDC). It is a hydrophilic vasoactive amine and stored in mast 

cells, enterochromaffin - like {ECL) cells and coterie nerve fibers in the stomach. Histamine 

released from the ECL cells stimulates gastric acid secretion via H2 receptors located on 

parietal cells in the stomach mucosa by incrcnsing inLra-ccllular cyclic Adenosine Mono 

phosphate (cAMP). However, it has been sho,vn recently that histamine elcvntes intra-cellular 

calcium in parietal cells suggesting that this receptor has at least a dual coupling system in 

this cell type (Chew, 1986). 112 nntngonists arc also inverse ngonists and not true antagonists. 

H2 hislllminc receptors are found principally in the parietal cells of the gastric mucosa. H.,

antagonists are used to reduce the secretion of gastric acid, treating gastrolntcstinnl conditions 

including peptic ulcers and gastro-oesophogcol reflux disease. E.xarnplcs include cimetidine, 

fnmotidine. 
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b. Acetylcholinc

Acctylcholinc (Ach) is o neurotmnsmiucr nnd sccrctogogue released by all secretory nerves. 

Acetylcholine ,vns first identified in the ycur 1914 by Henry Hollett Dole for its actions on 

heart tissue. It was confim1cd os o ncurouunsmittcr by Otto Loewi ,vbo initiolly gave it the 

nurne vagusstoIT bccnusc it ,vns relcnsed from the vogus nerve. Both received the 1936 Nobel 

Prize in Physiology or Medicine for their ,vork. Acetylcholine was also the first 

neurotransmitter to be identified. Acetylcholine is an ester of acetic acid and choline with 

chemical fonnula CH3COOCH2CH2N+(Cl·l))3• This structure is rcOcctcd in the systematic 

name, 2-acetoxy-N, N, N-trimethylethannminium. Acetylcholine acts direct.ly on the parieUJ.I 

cells by binding to M3 muscarinic receptors, which in turn lead to increase in intra-ccUular 

Ca2
• presumably coupled to n Gq lrimcric protein (Pfeifer, 1990; Wilkes, 1991; Ganong, 

2005). The mechanism underlying the regulation of gastric acid secretion from pruict.al cells 

by acctylcholine involves 1,vo path,vays. The first path,vay involves direct activation of M1

receptors on pnriet.al cells ns evidenced by the fact that earbaehol enhanced gastric acid 

secretion in histidine decarboxylnse- knockout (HDC-KO) mice in ,vhich histnmine release

from ECL cells wns absent. 111c second path\\'lly involves indirect stimulation of p:uiet3.1 cells 

via release of hormones or transmiuers from endocrine cells. In particuhu, in vivo hi"tt1minc 

release from ECL cells have been reported to be enhanced by cholinergic stimultllion. In 11

study in wild type (WT) mice, carbnchol lncrcnscd gastric histruninc S)'llthesis l1nd stttcuon 

which wns cornplctcly inhibited by oiroplnc, \\!hcreos famotldinc signilicnntly inhibit� 

co.rbochol s1imulo1cd acid secretion In \lfl' n1lcc. Such rel!ult Indicates th'!t hisnuninc s«rcli<>n 

from ECL cells Is evoked by cholincrglc stlmulntlon via nv\chll 's 11cllvn1lon. The a id 
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seeretagogue effect of the muscruinic ogcnt corbachol and therefore endogenous muscarinic 

activity is  mainly exerted directly on the pnrictal cell in the rol. Thus, the muscarinic agent 

corbachol may be stimulating acid secretion and 1-t-K• ATPase mRNA in vivo through a 

direct effect on tlie parietal cell, not dependent on the release of ECL cell histamine (Sandvik 

el al., 1988). 

c. Gastrin

Gnstrin released from G cells has been reported to be directly stimulated by acetylcholine via 

muscarinic receptors, M3 and M3reccptor-mediatcd gastrin might be involved in carbacbol 

stimulated histamine secretion from ECL cells. Gnstrin is the major stimulatory endocrine 

peptide for histamine release from ECL (Prinz, 1994). It is secreted by G-cells of the antral 

mucosa of the stomach. It olso acts by stimulating the secretion of histamine from ECL cells. 

Gastrin binds to CCK - B receptors present on ECL cells and parietal cells, releasing 

histamine by increasing intracellular free Cal+ (Ganong, 2005). The central regulation of 

gnstric acid secretion involves cortical and spinal cord structures, ,vhich change or  olters the 

balance between the parasympathetic and sympathetic ouLOo,v of the myenteric plexus in  the 

gastric wall (fache, 1987). GAS has been shovm to be controlled by specific lateral 

hypothalamic (LHA) neurons. The pruuvcntriculnr nucleus {PVN) has no,v been found to olso 

affect GAS. GAS was produced more copiously and more quickly by rostrol PVN lesion than 

by lesion of the vcntromcdial (VMI I) or dorson1edial (D�lll) nucleus, and nearly as much by 

caudlll PVN lesion. Results from studies indicate that the PVN n,ay be an additional central 

sile from \\hich OAS is affected. Strong parnsympa1helic stimulation to the stomach leads to 

incl'CllSCd gastric acid secretion {Shiraishi and Simpson, 1987). 
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d. Ph)slologlcal runcllon, or Castrln and lllstamlnc

Slmllorly, gnstrin incrcnsc, venoUJ hiSl4mine ou1pu1 from the carune stomach (Gerber & 

Payne, 1992). Also, ga.strin ho.! been repor1cd lO rclCll.SC histruninc from sm4ll-ccll CMched 

frncllons of gnstric fundic mucosnJ cells from mt. rabbh and dog (Roche ct al., 19910, b; 

Chuong ti nl., 1992; Prinz et al., 1993, Sandor tt al., 1996). It is no,v clear that o 

ncurocndocrinc cell, the entcrochromllflin-ltl.;c (ECL) cells, synthesizes stores and n:leascs 

histnmine upon gaslrin stimuJotlon (Roche ti al .. 19910, b: Prinz ti al., 1993; Sandor ti al., 

1996). It is olso o 1orgc1 for gostrin in stimulating ECL cell gr-o"ih in a.nimnls and in lllAll

(Borch et al .• 1985; L� Nroth ti al., 1990; Bordi tt al., 1995). Shnnklcy ti al., (1992) 

reported thot pcntogaslrin produced o conc.cntrotion�ITect curve in the presence of hist.om.inc

Hi-receptor blockade, prcsumably due to o direct action of pcnlllgnslrin on the oxyntic cell, 

,vhich ,vould be independent of hisuuninc n:ICll.SC. They also reported thnt the action of 

pcntogastrin, under control conditions, is due to both on indirect. hist.nminc-mcdia1cd action 

und o direct action on the oxyntlc cell. Simil3rly, gnstrin increases venous histamine output 

from the cnninc stomncb (Gerber & Payne, 1992). Also, gnslrin has been reported to rcleo.sc 

histnminc frorn smnll-ccll enriched fractions or gastric fundic mucosnl cclJs from mi. mbbi1 

and dog (Roche et al., I 991 o, b; Chunng et al., 1992; Prinz et al., 1993; Sandor ti al., 1996). 

2.S.3 CEN
T

llAL PEPTlDEllGIC CONTROL OF GASTRIC ,\CID SECltETION

Recent odvonccs in ncurosciences, hove provided ne,v insights into gut physiology and the 

nnlurc of bmin-gul ln1cruc1lon. /\s ,vell os dcn1onstm1ins specific roles for man> pcptid� in 

the bmln·g\ll nxls, these develop111en1S hnvc yielded vnlunhle lnslQhts Into aspects of QUI 
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physiology (Tobie I). The connection bclY.·cen cmolion.ol pcrturbntion and disorders of the 

slomnch musl hove been nppnrcnt even to the most primitive of human cultures. Early clinical 

nnd nnin1nl cxperin1cntol observations provided evidence of o functionol link between the 

broin ond the gut. The increase in biochemical and irnmunohistochemicol techniques that 

occurred during the 1960s led to the identification of II large number of peptide 

neurotransmitters in the bruin. The demonstration that substance P, va.soactive intestinaJ 

peptide, and somatostntin ,vere present in both the brain nnd the gul roiscd questions about the 

nature of brain-gut interaction (Krulicb et al., 1968; Cbnng nnd Leeman, 1970; Fuxe ti al., 

1977). The subsequent identification by Dockray in 1976 of high concentrations of 

cholecystok:inin (CCK) in the brain of rats, pigs, nnd dogs ,vas of cnonnous importance 

(Dockray, 1976). Here \\'llS one of the preeminent gut peptides, ,vitb a v.-cU established 

hormonal action, unexpectedly identified in high concentrations in the brain where it 

functioned as a neurotransmitter. lo mony instances peptide and non-peptide 

neurotransmitters are co-localised in the same neural terminnls ,vhere they may interact 

functionaJly. Non-peptide ncurotrnnsmittcrs undoubtedly play o pan in centrul regulation of 

gastric secretion. Indeed, many neuropeptides ,vcrc sho,vn to have po\\"CTful effects on gastric 

acid secretion. The preponderance of inhibitory over stimulatory peptides is not surprising l\S

the efficiency of any secretory system depends lnrgcly on its inhibitory mcchrutisms. 

a. Thyro tropin Releasing llorn,onc

Thyrotropin rcleo.sing honnone (TRJI) wns the first bruin peptide sho,,n to o.flC<:t gut function 

(Smith ct al., 1977), When TRI I ,vns firs, ldtntlfied In 1970, it \\'llS nsswncd thnt it scr\'Cd 0
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Table I Peplides that affect gastric acid secretion 

Inhibitors Stimulllton 

CRF TRH 

P cndorphin Somatostatin 

Bombesin NPY 

Neurotensin Galunin 

Calcitonin pyy 

CGRP 

Interleukin I 

(Scoto and Parenti, 1993; Yang and Tache, 1995) 
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specific function in the hypotbalnmo-hypophyscal axis. lmmunohistocbcmical localisation 

studies sho,ved, ho,vever, that TRH ,vns also found in other cxtrn-hypothnlnmic sites in areas 

known to be in1portant for integration of visceral function, with high concentrations in the 

vngnl nuclei in the bminstem. In 1977, Smith and colleagues reported that 

intrncerebrovcntriculnr injection of TRH caused nn increase in colonic motor activity in 

rabbits (Smith et al., 1977).This ,vns the first report of a central effect of a neuropeptide on 

gut function. Tache subsequently reported that intrncistcmal TRH has a potent stimulatory 

elTect on gastric acid secretion in rats that ,vas completely independent of its 

bypophysiotropic action (Tache et al., 1985). Central administration of TRH also increases 

gastric emptying and gastric mucoscl blood flo,v in rats (Tache et al .• 1989). A considerable 

amount of convergent evidence, including localisation, immunoneutmlisation and analogue 

studies. supports the hypothesis that TR.H plays a physiological role in central regulation of 

gastric acid secretion. The highest concentrations of TRH receptors are found in the dorsal 

vagal nuclei (Palkovits et al., 1986), the final common patb,wy for vagal out.Oo,v from the 

brain to the stomach. Many different higher centres exert an influence on gastric acid 

secretion and it has been proposed that these higher signals converge through this TRH 

mediated pathway. 

b. llombcsin

Evidence is accumulating thnt bombesin nlso has a significant role in central control of acid 

secretion (roppns et al .. 1985). Centro! injection ofbonibcsin potently Inhibits acid secretion 

in response to a variety of cenlnll and peripheral stimulants, the opposite of its \\-ell 
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established peripheral stimulatory effect on acid secretion. The central inhibitory action of 

bombesin is not affected by vagotomy, but is abolished by cervical tronsection and a, 

adrenergic blockade, sho,ving that its central effect is  mediated through the sympathetic 

nervous system (f ache et al., 1986). Indeed, mnny of the peptide effects described have been

sbo,.,11 to be mediated by non-vagal path,vuys. 

c. Corticotropin Releasing Factor

The physiological response to stress involves a complex array o f  adjustments in 

cardiorcspiratory, gastrointestinal and endocrine function that equips the subject to den! with 

stress. Although the peripheral manifestations of stress response are \\'CII described. 

coniootrophin releasing factor (CRF) has been identified as an important mediator of the 

stress response. Even though CRF ,vus first identified in the hypothalarno-bypopbyenl axis, it 

is also present in extra-hypothalamic sites in the CNS. Studies show that i t  elicits the full 

spectrum of cardiovascular, metabolic, endocrine, gastrointestinnl and behavioural effects 

associated with 5tres5 (fo.cbe et al., 1988). The potent inhibitory effect of 

int.raccrcbro\'entricular CRF on gastric acid secretion \YUS first described by Tacbc and 

o.ssocilllCS (Lenz et al., 1988) This Inhibitory experimental action is compau"blc Y.ith the 

findings that stress uleeration m o.rumnl models and In atrcsscd pauents is �ed Y.1tb 

decreased rat.her than incn:ascd acid scrn:tlon CRF also causes rctArd:atlon of gasllie 

emptying. and small bowel transit, and a pronounced lncrc:asc In colonic motility ((rachc ti

al., 1988). These erTects ore produced by inlerletion y,·ith a number of other ncwotransmincn 

including opiates and are probably, at least in pan. vagall) transmitted (f achc tt al. 1988). 
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d. Opioid•

A ph)'�loloah:al role ror opioids In modulalina the- puric �ponsc to stttSS has been 

demon tnucd b)' 11udles u.s1na opioid nnlAgonl\U. Ccn1n1l administration of op1011ls inhibit.s 

acid secretion b)' 1 vogaJ mcchruusm. These agents alJO 1nh1b1t the fol1lllltion or strcu

lnduced gnstnc ulcers suggcsung that opioids protect a�nst stress-induced al1e11111ons in 

gru.tric function (Sco10 and Parenti, 1993). 

c. Ncurotcnsln

Ncurotensin hos nlso been implicated as a mcdilltor or the sins, response. Ccnlnlll)'

administered neurotensin dccrtaSCS pstric acid sccrction nnd ha.s n protccti,c effect on stress

induced gnstropa1hy in a number or nnln,lll models (Zhnng tt al .• 1989).Thc cxnlntl site or 

\his effect is probably in the limbic system, nnd entails interaction \\ith odrcncrgjc and 

dopaminergic path\\'IIYS (Zhllng ti al., 1989; Pnpp:i.s tf al. 1987). The peripheral effect is 

produced by chnnges in pcriphentl pros111gh111din production and gastric mu00S3l blood flow 

r. Cakitonin 11nd Calcilonin Gene Related Peptide (CGRP)

Cnlcitonin nnd colcitonin gene rclntcd peptide (CGRP) may nlso be in\'ohred in pstric 

mucosol protection (Morley cl al., 1981; Roche, 1992; Grny tt al • 1994.), nlthough the) Srtm

to net through different n,cchonisn1s. Centml cnlchonin inhibits the de,-clopmcnt of stress•

Induced ulcers (Morley ti al., 1981). Most evidence points to a pcriphcrnl role for CORP rn 

pstric cytopro1cc1lon, ho,,·cvcr, some studies su�uicst th111 It moy also have o ccnlntl efl�t. 

...,hlch accms 1o be produced by modulntion or ccn1ml pM\S)'lllP3thc1lc 011100,v re ult1na in 

lncremd mucosnl blood Oo,v. 
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g. lnterleukin 1

Several studies hnvc dcmonstrntcd interaction bcl\vecn gut peptides nnd mediators of immune 

responsiveness ,vithin the gastrointestinal tract. A recent report sho\ved that 

introcerebroventriculnr interleukin I inhibits acid secretion in rots, providing evidence that 

immunological mediators mny nlso affect gut function through central mechnnisms (f achc 

nnd Sapcrns, 1992). Interleukin I also inhibits gastric emptying and small intestinal motility, 

and stimulntcs colonic motility through prostaglandin and CRF-mediated path,vnys. 

b. Ncuropcptidc Y

Neuropcptide Y (NPY), a member of the pllllcrcatic polypeptide family, is the most potent 

kno,,'D stimulllJlt of feeding and is found in higher conccntrntions ,vithin the CNS than any 

other neuropeptides. Its potency as nn cxigenic agent and the preservation of its effects across 

orange of species suggest tha.t NPY plays an important part in the initiation of feeding 

bebnviour. Recent observations of the effect of central administration of NPY in dogs sho,v 

that NPY c�ot only initiate feeding bchnviour but can also trigger a range of gut secretory 

and motor effects, ,vhich nonnally occur at the onset of feeding (Geoghegnn et al., 1993). 

Central administration of NPY increased not only gastric acid (by a vngnl pntl1,,-ay), but also 

pancreatic and biliary secretion and converted the fasting pattern of cyclical myoclcctric 

activity in the stomach and sn,all intestine 10 the pattern seen nficr feeding (Fnrouk et al.,

1992; Thompson ct al., 1993). Administration of an NPY antagonist to sh.a.m feeding dogs 

with oesophageal fistula prevented the cephalic phase gastric ncid response, proving thnt the 

effect ofNPY on gastric acid secretion is o physiological one (Lee e1 al., 1994). Gnlanin, 
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Mother initintor of feeding behnviour, hns n similnr though less po1en1 central efTec1 on ncid 

secre1ion (Geoghcgnn et al., 1990). These studies suggest thnl NPY ns well as being involved 

in the initinlion of feeding behaviour might also be responsible for triggering the full range of 

secrelory and motor responses thnl prepare the gu1 for ingested food. The single peptide may 

be responsible for coordinating o brood range of func1ions tha1 serve o common purpose. The 

conccpl lhal the same peptide tho1 is responsible for activating feeding also triggers on 

appropriate preparatory secretory response is attractive because ii suggests the sort of simple 

economy thnt characterises many biological systems. CRF, in similnr fashion, seems to be 

responsible for coordinating on integrated response 10 stress. These findings suggest that 

peptide neurolransmillers ploy important integrative function \vithin the CNS, providing 

templates for coordinated homeostatic and visceml responses lo certain specific situations. 

2.6 PERIPHERAL REGULATION OF GASTRIC ACTD SECRETION 

This is initialed by the release of gastrin from the G cell. Gostrin then stimulates the 

cholecystokinin-B receptor on the cntcrochromaffin-like cell beginning n calcium signalling 

cascade. An exocytotic release of histnmine follo,vs ,vith concomitant activation of o er

currenL The released histamine begins the H1-reccptor-medjn1ed sequence of events in the 

parietal cell, ,vhich results in nctivotion of the gastric 1-rnc+-A TPose. This enzyme is the final 

common path\YDY of acid secretion (Sachs er al., 1994). The regulation of gastric acid 

secretion is achieved in tbc periphery by interplay between three major gastric endocrine 

cells: the en1erochromoffin-llke (ECL) cell, lhe gnstrin or O cell und the son101os1Dtin or D 

cell.. Regulation of these cells is via stimulotory or inhibitory pruucrinc, endocrine, and
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neural pnth\\'tlys. Uprcgulotion of ECL function is dctennincd by octivotion of  CCK-B 

receptors, by gnstrin, nnd by nctivntion of beto-ndrenergic receptors, ns ,.,.ell as by 

ocetylcholinc in so1nc ( I 0-29%) of the cells. Onstrin ond ocetylcholinc produce typical 

biphnsic colciu1n signols. Inhibition of ECL cell hisuuninc relco.sc Md calcium signalling is 

produced by som11tost11tin octing ot n type 2 receptor, histruninc octing ot e histnminc-3 

receptor, Md by peptide PYY. Stimulation of ECL cells results in activation of chloride 

channels, nnd there is evidence that vohogc-dcpendent calciwn chnnnels, along v.ith the 

receptor-operated calcium channels, ore o.1so responsible for elevation of introccUular 

concentration of calcium (Ca). Ocpolarization-nctivatcd K• channels presumably restore the 

potential ofter depolorizotion by octivotion of U,e chloride channel. The D cell is nctivoted by 

either gnstrin or CCK ond oppenrs to be inhibited by ncetylcholinc nnd somntostotin. The G 

cell is activated by occtylcholinc and gostrin-relensing peptide (GRP) and is inhibited by 

sornotosllltin. The functional integration of these three cell types is the primary dctem,inant of 

the degree of stimulntion of the parietal cell (Sochs el al. 1997). 

Gastric acid production is regulated by both the autonomic nervous system and several 

honnones. The pnrasympathetie nervous system, vio the vagus nerve, ond the hormone 

gastrinstimulote the parietal cell to produce gostrie oeid, both directly octing on parietal cells 

and indirectly, through the stimulation of llte secretion of the hormone histomine from 

cnterochromoffin-like cells (ECL).VBSoactivc intestinal peptide, cholccystokinin, ond sccretin 

nil inhibit production of gastric ocid. TI1c production of gastric ocid in the stomach is tJghlly 

regulated by positive regulators and negative fcedbocl mechanisms. Four types of cells ore 

involved in lliis process: parietal cells, G cells (Duchnn, 1991 ), D cells nod cnterochromoflin-
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like cells (Hakanson, 1967; Prinz, 1993). Besides this, the endings of the vagus nerve (X} and 

the intramural nervous plexus in the digestive tract influence the secretion signifiC411tly. 

Nerve endings in the stomach secrete two stimulatory neurotransmitters: ocetylcholine and 

gastrin-rclcasing peptide (ORP) (\Vood, 1994). Their action is both direct on parietal cells and 

n1edioted through U1e secretion of gastrin from G cells and hislnmine from enterochromaffm· 

like cells. Gostrin acts on parietal cells directly ood indirectly 100, by stimulating the release 

of histamine (Prinz. 1994). Honnonol factors also ploy a very important role in gastric acid 

secretion. The release of histamine is the most imponant positive regulatory mechnnism of 

the secretion of gastric aeid in the stomach. Its release is stimulated by gastrin and 

acetylcholinc nnd inhibited by somatostntin (Berglingh, 1976). 

2.7 ENDOCRINE CELLS 

There ore at least three endocrine cells Ulnt piny a major role in regulation of acid or 

pepsinogeo secretion; 

• Enterochromoffin-likc cell (ECL)

- Gaslrin or G cell ond

• Somatos111tin or D cell.

The ECL cells produce and store histamine (Hnkrulson ti al., 1986). This biogcnic amine is 

stored in vesicles to give a total content of2.8 to 4.3 pg/cell of histamine, \t,hich is a relatively 

lo,v amount compared 10 mast cells (12 to 20 pg/cell). As for other gastric endocrine cells. 

this is O small, about IO um diameter, cell found ot mostly lo\\'IU'ds the bnsc of the fundic 

gastric gland. It contains acidic vacuoles ,vith on eccentric electron dense spot (Hakanson ti
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al .. 1971). High doses of omeprnzole resulted in ECL cell hyperplasia and can:inoid 

fonnotion in rots (Larsson el al., 1986; Tielemons el al., 1990; Ryberg et al., 1990; Lee el al.,

1992). 

The ECL cell is found moinly in the fundic region of the stomach, the G cell in the antral 

gland and the D cell in both the nnlnll and fundic region. The fundic and ontml D cells may 

differ in some of their rcccplor properties, given thot the antml D cell communicates with the 

ontml gland lumen and is juxtaposed to the G cell and that the fundic D cell does not 

communicate with the glnnd lumen nnd is in the vicinity of the ECL cell (Sochs et al., 1991; 

Forssmann el al., 1969). 

2.7.1 STThfULATION OF ECL CELLS 

a. Peripheral Stimulation

The major stimulatory ligand for hislllmine rclcnse from 1hcse celJs is gas1rin. Addition of 

gostrin to a perfusate results in a characteristic biphnsic increase: in intmccllulor calcium for 

stimulation by pituitnry adeoyl:ue cycln.se activating peptide (PACAP). The ini1ioJ spike is 

due to release of co.Jcium from intracellular stores; the steady stale is due to entry of calcium 

from the medium. Essentinlly a.JI ECL cells respond 10 gnslrin with a sirnilor elevation of 

intracellulor calcium (Ca
11i. The ECso for gnstrin for both the colcium signo.J and histnmine 

release is about 10·10 
M. The clevntion of st�dy state co.lcium is essen1inl for release of 

histamine ond is due 10 octivation of rcccplor opcrolcd colcium channels (ROCC) by gnstrin. 

The ECL cell also has voltoge-dcpcndcnl enlelum ehonnels (VDCC) (Zeng et al., 1996).

�sc VDCCs could be oe1ivo1cd during exocytosis due 10 clcetrieol changes follo\\ing fusion
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of the histnrnine containing vacuole ,vith the plasma membrane of this cell. The histamine 

containing vacuole membrane has a V-type A TPase that is an electrogenic proton pump. 

Acidification by this pump depends on the presence of :l chloride conductance thot allows 

clectrogenic proton pumping. Accumulotion of histamine is driven by a histamine proton 

counter-transport mechanism as found in other amine transporting vacuoles (Loo, et al .• 

1996). \Vholc cell patch clamp experiments have sho,vn that the ECL cell has o resting 

voltage of obout -50 n1 V and o lo,v membrane conduclODce. Depolorizotion \\'llS found to 

activate K
+ 

channels thot ,vero Bn
2
• inhibited. Stimulation of histamine release by gnstrin 

resulted in activation of a chloride current, prcswnably due to fusion of the vacuole 

membrane ,vith the plasma membrane (Loo, et al., 1996). The model of cxocytosis that 

ensues from these dntn suggests that the chloride current derives from insertion of the er

channel present in the histamine containing vacuole. The depolarization that ,vould result 

from this could be counteracted by the depolarization activated K+ channels but could also

aetivnte VDCCs. Hence, the steady-stoic elevation of cell calcium by gastrin could be due to 

activation of both ROCC nnd VDCC path,wys. The palh,vny for gastrin stimulation of 

parietal cell acid secretion is vio CCK-B receptor activation on the ECL cell ,vith release of 

histamine ond activation of the H2 receptor on the parietal cell. This is consistent ,vith the 

ablation of acid secretion due to pentagastrin stimulation that is found ,vith H2 receptor 

nntngonists (Lloyd et al., 1992; Geibel ct al., 1995). 

b. Central Stln,ulntion

Co.rbnchol causes o biphnsic increase of intrnccllulnr calcium perhaps due to nclivntion of no
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M, or an M1 receptor. MRNA for both has been found by RT/PCR, and blockade by 

pircnzcpine indicates a functional M1 receptor (Wilkes et a/., 1991; Kajimuro et al., 1992). 

Ho,\'cvcr, in U1e ECL cell populotion, only about 1 O to 20 percent of the cells respond to 

corbochol (Zeng et al., 1996). The porielol cell o.1so hllS an M3 receptor (Kajimura et al.,

1992), and from these dato much of the vaglll cholinergic response is due 10 direct activation 

of the pariet.al cell. Cimetidinc ,vns relatively ineffective in inhibition of carbacbol-induced 

ocid secretion, consistent with the distribution of muscarinic receptors in ECL and porielol 

cells. PACAP is a recent peptide found of the sccrclin/glucagon/VIP family (Andersson et al.,

1992). It is found in nerve fibres and a neurotronsmitter. The PACAP receptor appears 10 be 

linked to both cAMP ond calcium e.lcvation inn variety of cells. ForskoJin octivntes adenylote 

cyclase and is able 10 stimulate histamine release from ECL cells (Prinz et al., 1993). PACAP 

is an effective 1111d potent stimulant of elevation of intracellular calcium and of histamine 

rele:ise from the in vitro ECL ceU preparation. The ECso for PACAP is about 10-9 M and is 

about 1,000-fold less than for VIP. The dose response to PACAP for the calcium signal is 

similar to the dose response for histamine release, ,vhich also illustrates that most of the ECL 

cells are PA CAP responsive (Zeng et al., 1996). The effect of PA CAP on the fundic D ceU is 

dominant when PACAP is present in the gastric circuJotion. PACAP has been sho,Yn to 

release somotostatin from D cells in vitro (Zeng et al.. 1996). 111us, the effect of PACAP on 

the ECL cell found in vitro in the absence of D cell stimuJotion corresponds 10 the effects of 

PACAP in vivo, provided lhot lhe effects of D cell stimulation arc prevented. The 

effectiveness of PA CAP as a stimulant ofECL cell function indicates 1h01 it is likely to be the 

central stimulant of the ECL cell. Epinephrine also stimulates histamine release from ECL 
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M, or an M3 receptor. MRNA for both has been found by RT/PCR, Wld blockade by 

pircnzcpine indicates a functional M1 receptor (Wilkes et al., 1991; Kojimuro er al., 1992). 

Ho,vcvcr, in U1e ECL cell populotioo, only about 10 to 20 percent of the cells respond to 

corbochol (Zeng er al., 1996). The pruictal cell also hos an M3 receptor (Kojimura er al., 

1992), and from these dato much of the vagnl cholincrgic response is due to direct octivotion 

of the pnrietal cell. Cimclidinc wns relatively ineffective in inhibition of corbochol-induced 

11cid secretion, consistent ,vith the distribution of muscarinic receptors in ECL and parietal 

cells. PACAP is a recent peptide found of the secrctin/glucagon/VIP family {Andersson et al .• 

1992). It is found in nerve fibres and a neurotransmitter. The PACAP receptor appears to be 

linked to both cAMP and calcium elevation in a variety of cells. Forskolin activates adcnylate 

cyclase and is able to stimulate histamine release from ECL cells (Prinz et al .• 1993). PACAP 

is an effective and potent stimulant of elevation of introcellular cnlcium and of histamine 

release from the in vitro ECL cell preparation. The EC50 for PACAP is about 104 M and is

about 1,000-fold less than for VlP. The dose response to PACAP for the calcium signnl is 

similar to the dose response for histamine release, ,vhich also illustrates that most of the ECL 

cells are PACAP responsive (Zeng et al .. 1996). The effect of PACAP on the fundic D cell is 

dominant ,vhcn PACAP is present in the gastric circulation. PACAP hos been sho,vn to 

release somatostotin from D cells in vitro (Zeng et al., 1996). l11us, the effect of PACAP on 

the ECL cell found in vitro in the absence of D cell stimulation com:sponds lo the effects of 

PACAP in vivo, provided 1h01 the effects of D cell stimulation arc prevented. The 

effectiveness of PA CAP as o stimulant ofECL cell function indicates that it is likely to be the 

central stimulant of the ECL cell. Epinephrine also stimulates hisuuninc release from ECL 
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cells, ns docs the stimulant of ndenylatc cyclnse, forskolio (Modlin nod Tang, I 996). There is, 

therefore, evidence for four receptors in the ECL cell population isolated from rat gnstric 

mucosn. The CCK-8 nnd PACAP receptors ore likely to be dominant in positive regulation of 

ECL function nnd, therefore, histnroine dependent acid secretion. Much of cbolinergic 

mediation of acid secretion is due to direct effects of ncetylcholine on the parielnl cell. 

2.7.2 lNRIDITION OF ECL CELLS 

The setting of the rate of acid secretion to o specific level requires not only stimulation of the 

ECL cell but also inhibition. Various inhibitors of ECL cell caJcium signalling and hisiamine 

releases have been described. A partial list includes somatostntin, PYY, gnlo.nin and even 

histamine. T\VO second messenger systems have been identified in ECL cells. The action of 

inhibitors of ECL cell function is exened against calcium signalling by this cell. Inhibitors of 

ECL cell function apparently do inhibit calcium signalling. 

11. Peripheral Inhibition of ECL Cells

Somatostatin inltlbits ECL cell function by binding at an SST subtype 2 receptor, Type J and 

type 4 selective agonists, DC 25-12 and DC 32-92, and nlso somatostatin SS-14 required I 00 

to 1000 times' higher concentralions, namely IO"' M. The effect of somatostatin was

abolished by pre-incubation \\1th pertussis toxin (PTX) sho\Ving thnt the SST 2 receptor in 

these cells \VOS coupled to O, or Go. The proximity of the fundie D cell to the ECL cell 

suggests that the somatostatin involved in ECL cell inhibition is released from the fundic, not

the antral, o cell. Thus, regulation of the fundio D cell is intimately involved in the peripheral
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regulation of ECL cell function. Somotostatin is so for lhe most effective inhibitory ligand of 

ECL cell calcium signo.lling and histamine rcleosc. It is lhe major candidate for the peripheral 

inhibitor of hislnmine release and, therefore, ocid secretion. Agonists of fundic D cells, 

therefore, ploy an important role in the regulation of the ECL cell (Zeng and Sachs, 1998). 

The peptide PYY is found in duodenal extracts and has a variety of inhibitory actions. Gastrin 

stimulated histamine release ,vns partially inhibited by PYY. There is nn additi\'e but not 

synergistic inhibitory effect o f  PYY and somotost.atin on gastrin-stimulated histamine release 

(Prinz et aL. 1994; Zeng et al.. 1997). Evidence from the intoct stomach and from isolated 

glands has sbo\\1\ llult there is an H3 histamine receptor subtype present with inhibitory 

plumutcological actions (Prinz et al., 1993; Modlin and Tang, 1996). Earlier studies 

suggested that histamine sec,etion and especially histamine synthesis is under a feedback 

control of hist.amine. In the purified ECL cell prcp;!JUtion, the H3 agonist, R-o

mcthylhistamine is able to inhibit gastrin-stimulotcd histamine relcosc. The H3�tagorust, 

thioperamidc. is  able to activate histrunine release. These datn suggest that there is o fccdbxk 

loop to pmC'lll exc:essi,·e rclC4SC of histamine by activation of the H3 receptor on the ECL 

cell There 1s additiorus.l evidence for an 111 receptor on lhu cell type, but tlus \\i>uld result in 

auto-activation of tlus rather toxic transmitter (Sachs o.nd Prinz. 1996). 

b. Cent nil (Neural) I nblbltlon or ECL Cells

Galanin 1s 1 29-anuno acid ncuropcpdde initially identified in the porcine lnt�unc ond now

UIOV.1\ to be v.idcly distributed in peripheral and central neurons In the pcriphcT), pl1n1n 

colocalius ...,1th olhtr ncuropeptida (VIP, NPY) in ncn-e cell bodies anJ flbcn oflhc
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mycnteric plexus and submucosal plexus close lo the mucosa! epithelium mucosa (Elblad et

al., 1985). A recent study olso sho,o;cd th:u a go.lllllin receptor (GALRI) \\'US h.ighly expressed 

in human gastric mucoslll biopsies indicoting lhot a wget for golanin ,vns present in the 

fundic mucosa (Lorimer and Benya, 1996). A second go.lonin receptor hos also been cloned 

(GALR2) (Hownrd et al., 1997). Among its mony actions, golanin hos been sho\\n to 

influence gastric ocid output (Yagci et al., 1990). A direct action on antral O cell hos been 

suggested bctllusc golonin \V35 found to inhibit bombcsin-stimulatcd gosuic acid secretion in 

rnts nod dogs (Mungon et al., 1992; Soldani et al .. 1988). Gnlnnin inhibited bnsol and GRP

stin1ulatcd gosuin release in isolated stomach pn:parotions n.s ,veil ns gn.suin release from in 

vitro isolated rnt G cells in primlU)' culture (Schepp et al.. I 990). Since, it inhibits 

pcntagostrin- stin1ulatcd and basal acid secretion (Smilh et al., 1997) ond an abundance of 

golnnin immunorcoctivc nerve endings ore found in fundic mucosa (Ekblad el al., 1985), 

golanin must act do\\nstrcnrn of the G cell perhaps directly on fundic ECL cells. No effect o f  

golonin on somatostatin release ,vas found invivo ond invitro, hence, somatostntio is not 

involved in the inhibitory action ofgo.lanin (K,vok el al., 1988; Madous et al .. 1988). Bccnusc 

galanin hod no inhibitory effect on bcthancchol or histnmine-stimulotcd gastric acid secretion, 

n direct inhibitory action of golnnin on parietal cell is also unlikely. MorphologiC4lly, gosuic 

mucosnl nerve terminals containing golo.nio ore found adjacent to ECL cells in gnsuic fundic 

mucosa (Ekblad el al., 1985). The peptide \\'US found to inhibit gosuin stimulotcd C4lcium 

sigruils in the ECL cell. Herc, 10 nM golnnin reversibly blocked gnsuin effects on ECL cell 

[Ca21,. The peptide also p:irtiolly Inhibits histruninc release from the ECL cell ,vilh nn EC,o

oft x 10·10 M. The partial antagonist activity of galnnin is due to o ropid desensitization of 
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1he gnlnnin receptor. Two gnlnnln receptors hove been cloned. They can be distinguished by 

the use of chimeric peptides containing the N-terminal sequence of galonin in combinalion 

,vith other peptide sequences. Gnlnnin ond golonin I receptor arc present in the stomach. 

Oolonin is, therefore, the only cnndidote identified thus fnr for centml regulation of ECL cell 

function. 

2.8 GASTRIC ACID SECRETION INHIBITORY MECHANISMS 

\Vhcn food is ingested, gastric secretion is slimulnted by o variety of mechanisms. 

Nevertheless, lhere ore also inhibilory mcchnn.isms, the function of ,vhicb is to prevenl 

excessive secretion (Socbs et al, 1994). If liver solution 01 n pH of 7 is inLroduccd in10 on 

nn1ral pouch, it is dcncrvo1cd nnd secretes acid. On I.he other hand, if the pH of liver solution 

is 2, no response is obtained. II is apparent that acid in conlnct ,vith the ant.ml mucosa inhibits 

secretion. Thus. inhibition is proportionnl 10 the hydrogen ion conccntrotion {HJ of the 

content of the nntrum. Although, it h.os been suggested, lhat acid inhibition is ns a result of 

suppression of the release of gastrin. For example, the gastric secretions thnt are inhibited in 

bnthing the ant.ml mucosn \\ilh acid ore kno,vn to be eliciled espccinlly by the stimuli thnt 

release gastrin. On the oilier hnnd, there is no inhibition for stimuli that operate by means 

other thnn goslrin release. Acid must therefore manifest its inhibitory eITcct distnl 10 the site 

of ncctylcholine release, i.e. the gnstrin - releases cells mny be sensitive to hydrogen ion 

(E,vnld, 1976). An nulo regulotory niechonism of the ant.ml con1cn1 is lo,v 01 diffcren1 limes of 

the doy; this mechonism must piny on importonl role in rcgula1ing gastric acid sccrc1ion. For

example, during inter-digestive periods, the pH of the slomach content is lo,v and the release
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of gastrin is suppressed. When a meal is taken, the acid ,vbicb is present is buffered by the 

constituent of the food, nntrol pH rises, the inhibition is removed, and gastrin is rclcnsc:d in 

response to the usual stimuli. Gastric juice is secreted at a high rote, ,vhich continues until the 

buffering po,ver of ,vhatever food remains in the stomach is exhausted. At this time, pH 

decreases and the resultant acidification of the nntrum brings the gastric phase to an end 

(E,vnld, 1976). A variety of substances are kno,vn to inhibit gastric secretion ,vhen they come 

in contacts ,vith the duodenal muco� examples include fat digestion products, acids and 

hypertonic solutions. Allhougb, the effect of intravenous administraiion of cholecyslokinin is 

to eliminate gaslric acid secretion, the actual result of liberations of this honnone from the 

intestinal mucosa in response to a meal, may be one of inhibition. The possibility is based on 

that there is competitive inhibition of gastrin by cholecystokinin in the process of gastric 

secretion of acid. Since gastrin and cholecystokinin possess the same 1em1inal tetra peptide, it 

is reasoned Lbat these t,vo molecules compete for the same acid stimulating receptor sires on 

the parietal cells. Ho,vever, cholccystokinin is a ,vcnk stimulant compared to gas1rin. \Vhcn 

both honnones are released in response to o meal, the overall gastric acid secretory response 

\\'Ould be less than that of gastrin olone because gastrin is unable to manifest its full excitatory 

effects in the presence of cholecystokinio i.e. cholccystokinin denies receptor sites of gastrin 

(Thompson er al, 1987). 

2.8.1 Somatostatio 

A low pH stimulates the release of somotostotin. Somotostntin is o kno,vn inhibitor of gastric 

ocid secretion. It is D cell that synthesizes and secretes somntostotin in mrunmals. D cell is

located ncor G cell in gastric IUltrum, Md along gastric gland, particularly near the parietal
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cell in oxyntic mucosa. Somntostntin, mediated by its receptor in the membrane of parietal 

cells inhibits gastric acid secretion induced by gustrin nnd ace1ylcholine. In parietal cells, 

somn1ostn1in receptors are coupled to adcnyl cyclase vin an inhibitory guanine nucleotide 

binding protein. In addition, somatostnlin inhibits the gostrin secretion in the bnsol condition 

or the goslrin secretion induced by feeding, acetylcholinc nnd bombesin (Zhang Zhi-Fang et 

al., 1998). In lhe stomncb, somatostatin inhibits the histamine secretion in the basal condition 

or induced by gastrin. II inhibits histrunine-s1imula1ed adenosine 3' -5'-cyclic monophosphale 

(cAMP) production and aminopyrine nccumulotion, an index of acid production. 

2.9 DRUGS JNHIBITING GASTRIC ACID SECRETION 

Phormocologically, severol drugs hove been sho,vn 10 inhibit the production of gastric acid 

secretion. Their mechanism of action is  based on the fuel tbnt they block receptors that are 

found on the parictol cells. Examples of thern include: 

a. Rlstumine H2 receptor antagonists: cimctidinc, ranitidine, famotidine, mctio.midc,

burio1omidc, etc 

b. Muscnrioic �11 receptor antagonists: pircnzipine

c. Gnstrln CCK1 receptors nntngonists include: YF476, YM022, RPF3870, JB93182,

A004 IR, L-36S,260 etc 

d. Proton-pump inhibitors: omcprozolc, lansoprozolc, ponloprnzole, etc
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2.10 OPPOSING CENTRAL AND PERIPHERAL ACTIONS OF BRAIN-GUT 

PEPTIDES 

One of the most intriguing findings that emerged from studies of cenlrlll administration of 

peptides on gut function hns been thnt some peptides have opposite centnll phenomenon. 

These have best been described as peptides that affect gastric secretion. HoY.-cver, it has also 

been noted that CCK and opiates have opposing central and peripheral effects on gastric 

emptying and pain modulation respectively, suggesting that it moy be a more generalised 

occurrence than is currently recognised (Pappas et al., 1985; Bechara et al., 1985). This 

phenomenon shO\\'S the importnnce of the compartmentalisation provided by the blood-brain 

barrier. In general, the blood brain barrier limits diffusion of peptides from the peripheral 

circulation to the brain interstitial fluid Md vice verso. Ho\\-cver, in n number of areas, 

collectively kno\\11 as the circumventriculnr organs, the blood-brain barrier is deficient 

permitting peripheral circulating peptides access to the central nervous system. Receptor 

binding studies have demonstrated receptors for rnMY of the gut peptides in these areas, 

providing OJl anatomical subsuute for feedback effects of circulating gut peptides on centro.lly 

controlled gut functions (\Vhitcon1b et al., 1990). 

Binding of peptides that circulate peripherally to receptors in the circumventrieulnr orgwu is 

probably OJl importMt path\\'BY for fcedb3ck control of gut function through central path,vnys 

(Mc Tigue et al., I 995). Elucidation of the central poth,vny through "hich the bro.in regulates 

QII.Stric function moy lend to the development of ne,v strategics for phnrmncolo&ical 

manipulolion of ocid secretion and gostrie motility. 
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2.11 NEUTRALIZATION OF GASTRIC ACID 

In the duodenum, gastric ocid is neutralized by sodium bicarbonotc. This olso blocks gastric 

enzymes that hove their optimo in the ocid range of pH. The secretion of sodium bicarbonote 

frorn the pancreas is stimulotcd by sccrctin. This polypeptide hormone gets activotcd o.nd 

secreted from S cells in lhe mucosa of the duodenum ond jejunum ,vhen the pH in duodenum 

falls belo\v 4.5 to 5.0. 1l1e neutralizotioo is described by the equation: 

HCI + NaHC03-+ NaCl + H2C03

The carbonic acid instantly decomposes into carbon dioxide nod water, and then gets 

eliminated through urine (Best nod Taylor, 1990). Prostaglandins have been noted to form a 

vital component of the gastric mucosa! defense as they arc kno\\11 to hove an anti-secretory 

effect on gastric acid. They ore formed throughout the gut and the major stimulnot for their 

synthesis is cell trauma. They ore nlso kno,vn to stin1ulate the synthesis of mucus. Alkalinity 

of the lamina propin, rate and quality of the mucus secreted, adequacy of mucosa! blood flow 

and the rote et ,vhich the gnstric epithelium replaces itself ore all pan of the mucoprotectivc 

factors ,vhich protects the mucosa! (D,vork, 1982).

2.12 FUNCTIONS OF THE COl\fPONENTS OF GASTRIC JUICE 

11. Hydrochloric Acid

Hydrochloric acid secreted from parietal cells into the lumen of the stomach pcrfonns the 

follo ,ving: 

i. ll establishes on extremely acidic environment in the stomach.

ii. II helps in the activation of pcpsinogen 10 pepsin.
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iii. It aids the destruction of microorganism ingested along ,vith food.

iv. It provides an optimal lo,v pH for peptic digeslion.

v. Essential in sastric breakdown of connective tissue and muscle fiber (Ribbon ct al, 1990).

b. Pepsinogcn and Pepsin

Pcpsinogcn secreted as inactive zymogcns into the gastric juice from both mucous and chief 

cell is activatcd by hydrochloric a.cid into active protease, pepsin. 

i. Pepsin is largely responsible for the stomach ability to initiate digestion of proteins.

ii. Pepsin in young nnimols os chymosin helps in the coogulntion of milk protein alto,ving it to

be retained more thnn briefly in the stomach (James et al, 1996). 

c. Gostrin

The principal hormone secreted from the gastric epithelium in the form of peptide helps in: 

i. Control of acid secretion.

ii. Control of gastric motility (\Volsh, 1993).

d. Intrinsic Factor

A glycoprotein of considerable importance secreted by the parietal cells and is nccessoty for 

intestinal absorption of Vitamin 811 ond formotion of normal red blood cells (crythroc)'lcs) 

(Toh et al, 1997). 
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t. �tucus

The bicnrbonatc-rich mucus secretes into the glands as mucous neck cell: 

i. Coats nnd lubricates the gastric surface

ii. Protects the epithelium from acid nnd other chemical insults.

iii. Aids barrier function via gastric mucosa! barrier.

iv. Maintains a neutral pH oflhe plasma membrane epithelium. (Engle et al, 1995)

The lun,inal surface of the stomach is covered by a viscoelastic mucus gel acting as protective 

barrier ,vhen its composition is intoct. 

i. Composition of gn.stric mucus

Mucus produced by mucus producing cells is a complex mixture containing mucin, ,voter, 

electrolytes, sloughed olT cells, enzymes and other materials like bacterial and its products 

(Hottn. 2000). 

- \Voter content 90-95¾

- Mucin 5-10% (aggregates of mucin forms mucus granules)

- Electrolytes? I%

- Others: Enzymes, Nucleic acid, Lipid, Plasma protein, secretory lgA. bacteria plus its

products. 
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Figure S Factors involved in the regulation of mucus synthesis (lchika,vn and Ishihara, 20 t I)
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lL Pby1lological importance of gastric mucUJ 

I. Maintains the lubrication of the gastric mucosa.

2. Covers the ingested food for the process of mixing and adhesion.

3. It helps for digestion.

4. It protects the surface epithelium from irritation by forming a thick mucus gel

layer, that is, providing "gastroprotection". 

Oastroprotection is a reduction or  prevention of chemically induced acute 

haemorrhagic erosions by compowids such as pros1.nglnodins (PO) nod somatosLntin (SH) 

derivatives ,vithout acid inhibition in rodents (Robert, 1979, Szobo et al, 1981 ). 

This involves naturally occurring gastric defensive factors; 

- Nature of gastric mucosa

- Gastric mucus metabolism

Iii. Nature of gastric mucosa 

This invoh cs; 

- The insoluble mucus gel layer adhering to the mucosa! surface

- Solubiliz.ed form of the gastric lumen

iv. Types of mucln cc:lls.

- �1ucin from the surface (MUCSAC)
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- Mucins from the gland mucus ceUs (MUC6)

They differ in peptide sequences nnd chemical composition of the carbohydrate
moieties. 

v. Regulotory factors (figure 5)

- increase in gostrin (Ichikawa et al, 1993)

- increase in histnminc via peptide biosynthesis process of mucin)

- increase in carbachol via peptide biosynthesis and glycosyla1ion step ( lebiknwn et al.,

1998 ). 

- EGF and HGF.

- NO and Neuropcptidcs.

vi. Histamine (112)

They nre drugs \Vith heterocylie rings that is, possessed an aromatic ring ,vith a 

flexible chain joined to a polar group (Tobie 2). They are basically used for the 

treatment of gastritis and gastric ulcer. Those compounds ore either five membered 

first generation or six membered second generation aromnlic ring series ( Fukushima et

al, 2006; Hamdn et al, 2007; Muroshima et al, 2009; lchikn,vn et al, 2009a ). 

I" generation H2 Blockers: Cimctidinc and Rantidine 

2nd generation J 12 Blockers: Lafulidine nnd Roxatidine. 
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Table l H2 Blocking drugs lhllt enhance mucus activity 

Activity H2 Blockers 

(·) Gnstric acid

(+) Gastric mucus 

Neutralizing ogcnt induced 

gnstric damage protection 

1st generation 

X 

X 

x• block ..J..J • cnhnncc 

2'N generation 

..J..J 

..J..J 
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2.13 EFFECTS OF UNDER SECRETION OF GASTRIC JUICE 

2.13.l Gastric Atrophy 

In m11ny people ,vith chronic gastritis, the mucosa gradually becomes aLrophic until little or 

no gastric gland activity remains. It i s  also believed that some people develop auto immunity 

against the gastric mucosa eventually lending 10 gastric atrophy. Hence, there is decrcnsed 

gastric motility (Guyton ct al, 2000). 

2.13.2 Achlorhydria (and Hypocblorbydria) 

Achlorhydria refers to a condition ,vhcrcby the stomnch fruls to secrete hydrochloric acid, 

even in its minute foml. 1l1is is diagnosed ,vhcn the pl I of the gastric secretion fails to 

decrease bclo,v 6.S ruler maximal stimulation such that ,vbcn acid is not secreted, pepsin 

activity is affected even \\hen it is the lack ofocid that prevents it from functioning, as pepsin 

requires an acidic mcdiunl for its activities. Ho,-.'Cvcr, hypochJorhydria is a condition of 

diminished acid secretion (Guyton et. al., 2000). Moreover, the overall digestion of food in 

the entire gastrointestinal trocl is still nlmost normal even ,vith achlorhydria. Thus, the 

symptomology of achlorhydria is li1nitcd to the stomach (Guyton et al, 2000). 

2.13.3 Pcmiclou., An11cnli11 
In all mammals, Vitamin Bu is essential for mnturotion of erythrocytes and a deficiency of 

this vitamin leads to the development of anoen1io. Since the efficient absorption of vitamin 

Bu in man depends on intrinsic foctor, diseases ,,.hich decrcll.SC the secretion of intrinsic

factor e.g. gastric atrophy and ochlorhydrin interfere ,vith the clcovoge of the binding proteins
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(i.e. in pancreatic exocrine deficiency) or decrease binding and absorption of intrinsic factor -

vitamin 811 can result in pernicious anaemia (foh et al, 1997). In addition, pernicious 

anaemia frequently occurs after most of the stomach has been removed for treatment of 

gastric ulcers or ,vhen the tenninnl ileum ,vhcre Viuunin 811 is olmost entirely absorbed has 

been removed, in the absence of intrinsic factor, about 1/50 of Viuunin 811 is not n1ode 

available from foods. As a result, young ne,vly forming red blood cells foil to mature ,vhilc 

they ore still in the bone mnrro,v (f oh et al, 1997). 

2.14 EFFECTS OF EXCESSlVE GASTRIC SECRETION 

2.1�.1 Gastritis 

This refers to t11c inOammntion of the gastric mucosa. Mild to moderate chronic gastritis is 

exceedingly common in humnn population as a ,vhole, especially in the Inter year of adult 

age. The inOammation of gnstritis may be eit1ler superficial or deep. Superficial inflwnmntion 

is not very hnnnful ,vhile deep inflnmmntioo may penetrate deeply into the gastric mucosn 

and cause almost complete atrophy of the gastric mucosa in long lasting cases. Research 

suggests mat much gastritis is couscd by chronic boeterial infection i.e. Helicobacter pylori of 

the gastric mucosa. Also, certain ingested irriUIJlt substllnccs e.g. alcohol and aspirin con be

especially damaging to tlie protective gastric mucosal barrier (i.e. t1lc tight cpit1lelial junctions 

nod the mucous glands). Thus, permeability of t1lc mucous barrier is greatly increased such 

that hydrogen ions (l{J men diffuse into t1le stomach cpit1lclium creating an additional hllvoc 

that lends 10 11 vicious cycle of  progressive stomach n1ucosal damage and atroph). Toe

mucosa also becomes susceptible to peptic digestion resulting in severe acute or chronic

BAStric ulcer in n1ost coses (\Vnlsh et al, 1995). 

t 
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2.14.2 Ulceration 

An ulcer is o discontinuity of the mucosa surface of some port of lhe gastrointestinal tract 

{GIT) ,vith on inOan1matory bosc. A peptic ulcer, also kno,vn as ulcus pcpticum, PUD or 

peptic ulcer disease, is an ulcer (defined os mucosa! erosions equal to or greater than 0.5 cm) 

of on area of the gastrointestinal tract th.at is usually acidic and thus extremely painful (GI 

Consult, 2007). Contrary to general belief, more peptic ulcers arise in the duodenum (first 

part of the small intestine, just after the ston1ach) thlln in the stomach. Duodenal ulcers IIJ'C

generally benign. 111e development of peptic ulcer is determined by the algebraic sum of 

defensive Md aggressive forces acting on the gastrointestinal mucosa (Figure 6). Peptic ulcer 

,viii develop ,vheo the summation of these forces ,vns resolved in favour of the aggressive 

factor, being the gastric hydrochloric acid, HCI (Hollander, 1954). The agents known to 

increase acid production ore kno,vn to cause ulceration of the mucos:i of the GIT {Gregory ti

al, 1967). Imbalance of acid secretion con also be due to blood group. Hclicobacter pylori nod 

some disease conditions such as cirrhosis, IU1l1ritis nod hyperthyroidism (Acird et al. 1953; 

Mc Quaid cl al, 1992). 
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a. Classification of Peptic ulcer

i. Stomach (called gastric ulcer)

ii. Duodenum ( called duodenal ulcer)

iii. Oesophagus (called Oesophageal ulcer)

iv. t.lcckcl's Oiverticulum (called Mcckel's Diverticulum ulcer)

b. The Pathogene.,is of Ulcer Disease

Early in this century, the inevitable association bcm-ccn the presence of acid nnd disease ,vas j

recognized (Scb\\'UrtZ, 1910). Ho,vever, since almost everyone secretes acid and fe,v get sick,

clearly this ,vas not the full llllS\Ver. Resistance to ocid is o property of this region of the

gastrointcstinol tract. Apparently, the opical facing mco1brancs of the cells, other than the

parietal cell, hove no proteins able to transport protons, and therefore, arc essentially proton 

impermeable. Since the hydrophilic mucous gel layer cnnnot form a barrier to proton back 

diffusion and the rate of HCOi secretion cnnnot exceed more thnn IO percent of acid 

secretion, the defense ogoinst acid bock diffusion must lie in the tight junctions bct.,..ccn the 

epithelial cells. In 1983, it ,vns suggested that a b:lctcriol infection by an orgllllism, 

Helicob:lctcr pylori ( l  I. pylori}, \Y8S essential for the development of duodenal ond gostric 

ulcer (MllrShnll, 1983). Subsequent studies hove shovm thot this seminal obscMtion ,vas 

correct, H. pylori do not ploy o role In csophogitis but doe.s also result in gastritis (Tlytgot ct 

al., l 993). Eradication of 11. pylori hos been sho,vn to &rently reduce the Incidence of ulcer 

recurrence (Molfcrthciner and Ditsehuncit, 1990). Both acid and H. pylori arc csscntiol for 
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peptic ulcer disease. It is tempting to spcculotc thot the contribution of H. pylori is mediated 

via tight junction disruption. As the tight junctions become progressively leakier, in the 

p�ncc of luminnl acid, ncid back diffusion increases. In contrast 10 the apical surface, the 

basal laternl membranes of the gastric and duodenal epithelium have the normal high proton 

permeability of mammalian cell membranes. The cell cytoplasm will then acidify, the cell die 

and incrcnsing acid back diffusion result. Besides acid back diffusion, other molecules 

probably cnn back diffuse, such as U1e bacterilll urcase. This, in tum, ,viii set up an immune 

response such as gastritis. Since normally the esophageal epithelium is not exposed to acid, 

neither the cells nor the tight junctions nre constructed to resist acid. Thus, H. pylori do not 

contribute to acid related disease in this area of the body. A yet unresolved problem is why so 

many people ,vith both acid secretion and H. pylori infection do not get gastric and duodelllll 

ulcers. Perhaps, different strains of H. pylori differ in their ability 10 induce tight junction 

damage. Perhaps. other factors predispose to H.pylori induced tight junction damage (Sachs 

ti al., 1994). 
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c. Signs of Peptic Ulccn

A history of heartburn, gastrocsophogeal reflux discosc (GERO) nnd use of certain forms of 

medication can raise the suspicion for peptic ulcer. Medicines 11SSOCio1ed with peptic ulcer 

include NSAID (non-steroid on1i-inflommotory drugs) thot inhibil cyclooxygenosc, and most 

glucoconicoids (e.g. dexomcthosonc ond prcdnisolonc). The timing of !he symptoms in 

relation to the meal moy di!Tcrcn1iotc bet\\-CCn gostric ond duodenal ulcers: A gastric ulcer 

Y,ould give cpigosuic p:tin during o mcol, o.s gos1ric acid is sccrclcd, or o.J\er the meal, as !he 

alkaline duodeo.:il contents rcnux in10 the stomach. Symptoms of duodennl ulcers Y.-ould 

manifest mostly before the rneal-,vhen acid (production stimul111ed by hunger) is passed into 

!he duodenum. Ho\\-evcr, this is nol a reliable sign in clinical practice.

d. Symptoau of Peptic Ulcers

Symptoms of o peptic ulcer can be 

• Abdominal pain, classically epiga.stric \\ilh severity rch11ing 10 mcnltimcs, o.J\cr around 3

hours of 1aking I meal (duodenal ulcers m classicall) relieved by food, ,..tt,le pstnc ulcers 

are euccrbated by it), 

• Bloaung and abdominal fullneu

- Waterl>rash (rush of saliva after an episode of rcgwgiiadon to dilute the acid in CSOpMgus);

Nausea, and copious vomiting

• U>SJ of appetite and .. ,c1ghl lo

H . . fblood) this can occur due 10 bleedina d1�1ly Crom• ;astnc
• trnatcmcs1s (vom1ung o 
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ulcer, or from damage to the oesophagus from severe/continuing vomiting. 

- Mclcnn (tnrry, foul-smelling faeces due 10 oxidized iron from haemoglobin);

- Rarely, nn ulcer cnn lend to a gastric or duodennl perforation. This is extremely painful and

requires immediate surgery. 

e. Con1pllcations of Peptic Ulcer

Gnstrointestinal bleeding is the most common complication. Sudden large bleeding can be

life-lhrco1ening (Cullen ct al. 1997). It occurs ,vhcn the ulcer erodes one of the blood vessels. 

Perforotion (a hole in the ,vnll) of\en lends to ClllllSlrophie consequences. Erosion of the 

gastro-in1eslinal ,vall by the ulcer lends 10 spillage of stomach or intestinal conlcnt into the 

obdo1ninal cavity. Perforation at the nnterior surface of the stomach leads 10 acute peritonitis, 

initially ehemicnl and later bacterial peritonitis. The first sign is of\cn sudden intense 

abdominal pain. Posterior \\'tUl perforation leads 10 p:u1crc.ili1is; pain in this situation oflen 

rodiates 10 the back. Penetration is ,vhcn the ulcer continues into adjacent organs such os the 

liver and pancreas (Peptic Ulcer, 2007). Scarring and S\Velling due 10 ulcers, causes 

narro,ving in the duodenum nod gastric outlet obstruction. Patient oflen presents \vith severe 

vomiting. 

r. Gastric ulcer models nnd thc111py

Gastric erosions and ulcers arc induced by various factors (figure 7) including gnstric

ovcrsccrction nnd retention {R.oo et al, 2004; Coo et al, 2005), \\-eakening and depleting

ancnts r · 1 osal t'ni""' and inOlllllmation (\Vallacc and Granger, 1996; Ncnl... o mue,n ayer, muc ,-1 

2003; lsobc et al, 2004; Byun ct al, 2007). Other ulcer inducing agents also include;
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• non-steroidal nnti-innammatory drugs (NSAJDs} that block production of prostaglandins

(Slomiony et al, 1997; Filorctovo et al, 2002; Cao et al, 2004; Rao et al, 2004; Kim et al,

2005} 

• stresses (Coo et al, 2004; Rno et al, 2004; Dyun el al, 2007)

• alcohols (Cno el al, 2004; Roo el al, 2004; Rllllin el al, 2007)

• cisorcnes, trnumo, sepsis nnd shock (M6zsik nnd J6vor, 1988; Davies et al., 1994; Ding el

al., I 998; Hoodcnverf ond Pasrichn. 2006) 

• gostric hypennotility and occtic acid occwnulntion (Dias el al, 2000; Rao el al, 2004;

Conwcllo el al, 2005; lsbil el al, 2006; ContorcUo el al, 2007) ond 

• Hclicobactcr pylori infection (\Valloc:c ond Granger, 1996; Neal, 2003).

llo\',cver, in the tbcropy of gastric ulcers, proton pump inhibitors that block acid secretion 

from parietal cells, antacids, histornine receptor CH2) antngonists, prostaglondins !hot 

strengthen mucin toyer, and antibiotics to eliminote H.pylori hove been used (Wollocc ond 

Granger, 1996; Ncol, 2003). 

2.1S REACTlVE OX'YGEN SPECIES (llOS) 

Reactive oxygen species ore 

• the supcroxide anion ,vhich is both ion ond rodicol.

• radicals like the hydroxyl radical. II is the most reactive of them all; note bo,v it

differs from the hydroxyl ion 

• molecules like hydrogen peroxide
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• lol\J liL.e the h)pochlonle ion

A �hC4l (also called n •free md1cnJ•) is a clustm of aioms one of "'hich contain, an 

unpaired clccu-on in its outennost shell of electrons This iJ an extremely W\Stablc 

confiaun11lon ond n1d1cal1 quickly rcnct ,1111h olhcr molecules or radical, to achlC\ c the stable 

conl11Juration of 4 poi rs of electron, 1n their outmnoit shell (one pa.tr for h)droien) (OwJl ,, 

al 2003) 

2.15.l ROS FOl�IATION 

Reactive oxygen species arc fonncd by several different mcclwtlsms: 

• the internet ion of loniiing rodintion "'ith biologicnl molecules

• BS on unn,oidnblc byproduct of cclluhu- mp1ra1ton. Some electrons p:lSSing •do�11· 

the electron trnnspon chain lc:ak l\\"IY from the 11\llJn P3th (especially os they p3.S,S

through ubiquinone) nod go directly to reduce oxygen molecules 10 the supero.'tidc 

onion. 

• synthesized by dedicnted enzymes in ph3gocytlc cells liL.e ocutrophils and

macrophages

0 NADPI I oxldnsc (10 both type of phagocytes) 

0 m) clopcroxldnsc (in ncutrophlls only)

2.15.2 ROS ACTIVITY 

St, · l'k h -0 ... ROS con domogo other molecules nnd the cell lructutts ofong OXtdnnts I C I C vnn .... 

which they rue O !l0r1 AmOOll the n,ost ln1por1ont of these nrc the l\ttions of ftcc mthctlls on
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the fat\)' acid side chains of lipids in the various membranes of the cell, especially 

mitochondrial membranes (,vhich arc directly exposed to the supcroxide anions produced 

during cellular respiration). 

A hydroxyl radical removes a hydrogen atom from one of the carbon atoms in the fatty acid 

chain (onJy a portion of ,vhich is sho,vn) forming 

• a molecule of water nnd leaving the carbon atom ,vilh nn unpaired electron thus now a

radical.

• Several possible fates a,vait It.

One of the most likely (and shovm here) is to react ,vith o molecule of oxygen (Ov 

forming a pcroxyl radical. 

This might then steal a hydrogen atom from a nearby side chain making it now a 

radical. 

One of the insidious thing.s about free radicals is that in interacting ,vith other molecules to 

gain a stable configuration of electrons, they convert that target molecule into a radiC41. So o 

cluin reaction begins that ,viii propagate until 1,vo rndiC41s mc:ct each olhcr and each 

contributes its unpaired electron to form o covalent bond lhu.ing the two. UNIV
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2.15.3 T\\10 C0�1MON EXMlPLES 

The pcroxyl radical may internet with: 

o another pcroxyl radicaJ on a nellrby side chain crosslinking them with a

covalent bond.

o another nellrby carbon-centered radical crosslinlung them covalently.

ln both these lotter cases, rodicaJ fonnation comes to an end but with the result that the fatty 

acid side chains of membrane lipids may have become so deformed os to damage the 

membrane. The lipofuscin so charoctcristic of aging cells may be formed by these 

mechanisms 

2.1S.4 DEFENSES AGAINST ROS 

Cells ba,e a variety of defenses against the harmful effects of ROS. These include tv.-o 

enzymes: 

• supcroxidc diJmutasc (SOD), which converts t,.,.o superoxidc onions into n molecule

of h)·drogen peroxide and one of oxygen, and

• catalue

as \\ell as SC\erul small molecules that arc antloxldanu, such as

I I b I ( 11.mlo E) This con break the covalent links �t ROS have• a p ua-tocop cro v 

formed bctv.ccn fatty acid side ctwns in membrane hpids.
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• uric acid. (Perhaps the long life Sp:\ll of some reptiles nnd birds is attributable to their

high levels of uric acid.) 

• vitamin C (in the right concentration) (Pignatelli et al., 1998: Guzik et al .• 2003,).

2.15.5 ROS ARE ESSENTIAL 

But it is imporuwt that the attempt to limit the production of ROS hnve not succeed too \\'CII, 

bcclluse ROS hnve important functions to perform in the cell. 

Examples: 

• The cells of the thyroid gland n1ust make hydrogen peroxide in order to attach iodine

atoms to thyroglobulin in the synthesis of thyroxine.

• t.1acropbnges and ncutrophils must generate ROS in order to kill some types of

bacteria that they engulf by phngocytosis.

o Bacteria arc engulfed into a phagosome.

o This fuses with a lysosome.

0 Subunits of the enzyme NAO PH oxidasc assemble in the lysosomc membrane

fonning the active enzyme. 

0 It the 

NADPH-2c +201 

synthesis or the supcroxlde anion. 

0 This activity produces o ltu-ge incrca.se 10 oxygen consumption. called the

"respiratory burst" (llyun et nl., 2013).

0 Supcro>.ido dismutasc (SOD) converts this 1010 hydro11en peroxide." hich \.,lb
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0 off the engulfed boctcrio (except those thot mDnufocturc enough catalasc 10

protect themselves). {Krotz et al., 2oo2). 

Neutrophils (but not macrophoges) also kill off engulfed pathogens by using the enzyme 

myelopcroxidose ,vbich catalyzes the reaction of hydrogen peroxide (made from superoxidc

anions) with chloride ions to produce the strongly antiseptic hypochlorite ion. (OCI). 

H1C>i + Cl- " HOCI (hypochlorous acid)+ OW 

HOCI-+ 1-r + ocr (Sen, 2003). 

2.16 lNDOf\tETHACrN 

2.16.l History 

lndomclhacin was discovered in 1963 (Hnn ond Boardman, 1963) and it \\'l\S first oppro\'cd 

for use in the U.S. by the Food nnd Drug Administration in 1965. Its mechanism of action, 

along with scvernl other NSAIDs I.hot inhibit COX has been described (Ferreira et al., 1971). 

lndometbncin, also kno,\1\ chemically as 2-{ 1·((4-chlorophcnyl)cnrbonyl)·5·mclhoX)-2· 

mcthyl-lfl-indol-3-yl}ocetic acid with the chemical formulo, C19ll .. CINO• hns a molecular 

mass of357.787 g..mor'. 

lndomcthocin is O non-steroidal anti-in011J1\1'1\Btory drug (NSAJD) commonly used as a

PftScription medicntion to reduce fever, pain, stiffness, Md S\\clling It \\'Or\.s b) 1nhibitm&

the production or prostogto.ndtns, molecules kno,vn to cause these S) mptoms (TOA, 1999).
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a. Clinical indications

The clinical indications include; Hcmicrania continua, ankylosing spondylitis, arthritic gout. 

Banter syndrome, bursitis, cryoglobulincmia, dysmenorrbca (menstrual cramps), exertion 

headache, fever and pain associated ,vith malignnn1 diseases, hemicrania continua, hypnic 

headache, juvenile arthritis, migraine, palent ductus aneriosus, nephrogenic diabclcs 

insipidus, osteoarthritis, Paget's disease of bone, p3roxysmal hemieranin. pcricarditis, primary 

stabbing headaches, pseudogout, psorin1ie arthritis, Reactive arthritis, renal coHc (pain due to 

kidney stones), rctinopathy of prematurity, rheumatoid arthritis, tendinitis, trigcminal 

autonomic cephalgias, Headaches resulting from Vnlsalva maneuver (Smyth el al., 2004; 

Garza nod Sch,vedt 2013; 1-Iemicranin Continua, 2014; Mcdicn1ion for Migraine, 2014). 

lndomethacin has also been used clinically to delay premature ltlbor, reduce amniotic fluid in 

polyhydramnios, and to close patent ductus arteriosus. lndomcthacin is a potent drug with 

many serious side effects and not good enough as analgesic for minor aches and pains or 

fc\'er. It is better described as an anti-inflammatory, rather than an analgesic. 

b. ContnaindlcationJ

lndomethacin is contrnindicntcd for the follo,Ying: rccuncnt peptic ulcer, or history of ulcer

disease, allergy to indomcthacin, aspirin, or other NSAIDs, pnticnts \\ith ™1 polyps

reacting \vith an Mgiocdema to other NSAIDs, children under 2 )e&rS of age (,,ith I.be

- · r ·th tent duct us o.t1criosus). severe pre<xisting renal o.nd ti, er� .. ccption o neonates wi pa 

"·-- . . · bo mam,w damage (frcqucnl blood cell counts arc
-nAge, cnuuon: pre<x1sung nc 
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indicated), caution: bleeding tendencies of unknown origin (indomethacin inhibits platelet 

aggregation), caution: Porkinson's disease, epilepsy, psychotic disorders (indomethocin may 

Y,orsen these conditions). concurrent \\ith potassium sparing diuretics, patients who have a 

patent ductus orteriosus dependent heort defect (such as Transposition of the great vessels) 

and significant hypenension (Giles and BisilS, 2007; lndomethacin, 2013; Garza and 

Sch\\'Cdt, 2013; Medication for Migraine, 2014)

c. �l«hanism of action

lndomethacin is a non-selective inhibitor or C}Clooxygeo11SC (COX) I and 2. enzymes that

panicipate in prostaglandin synthesis from o.rachidonic ncid. Prostaglandins are hormone-like 

molecules normally found in the body, ,vhere they have a wide vnricty of eO"eclS, some of 

\\'hith lead to pain, fever, and inflnmrnntion. ProsUlglaodins also cause uterine contractions in 

pregnant ,vomeo. lndomethacin is an effective tocolytic agent, able to delay premature labour 

by reducing uterine c-0ntractions through inhibition or PG synthesis in the uterus and possibly 

through ailcium channel block.ode. 

lndomcthacin hns tY."O additional modes of actions ,vith clinical imponancc: 

i. It inhibits motility of polymorphoouclw leukoc)'tCS

ii. It uncouples oxidative phosphorylation m co.rtiloi1nous (and hepatic) mitochondria, lile

lllicylotcs. These additionnl effects help in accounting for the an:il&csie and the anu-

i .. n.__ _ • Ind e·L·ftin readily crosses the placenta and can reduce foetal--runotory properties. om UJIIAo 

,..: •• -..i ••• • 1 h ., __ ,.:05 It does so by reducina renal blood floy, and
-u,.; l"vuu,,;UOn 10 treat po Y ywuuu., • 

;,.,..__. • po ibl.: by enhancing the eIT'ects of vasopressm on the
--·�ma � vnseulnr res,st.ancc, ).) , 

r°"-11 kidneys (Ferrct.ra er al , 1911, o,tcs�ond�D�i:si:t.s.:__:2:00:7�)-: _ _
___ �--------
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d. Advent effects

Since, indomethncin inhibits both COX-I and COX-2, it prevents the production of 

prostaglandins in the stomach nnd intestines, which mninlllin the mucous lining of the 

gAStrointcstinal tract. lndomethacin, therefore, like other non-selective COX inhibitors can 

cause peptic ulcers. These ulcers can result in serious bleeding and/or perforation requiring 

hospitnlizotion of the patient. lndomcthacin also reduces plasma rennin activity and 

aldosteronc levels, and increases sodium lllld potassium retention. It also enhnnccs the effects 

of vasoprcssin. Due to its strong ontipyretic activity, indomethacin may obscure the clinical 

course of serious infections. Psychosis has also been reported ,vith its prolonged use. The 

frequency and severity of side effects and the availability of better tolerated alternatives make 

indomcthacin today a drug of second choice. Its use in acute gout attacks llOd in 

dysmeoorrhoca is ,veil-established because in these indications, the duration of treatment is 

limited to a few days only, therefore serious side effects are not likely to occur. 

t. Animal toxicity and human overdose

lndomethacin bas a high toxicity profile both for animals (in rots, 12 mi!/kg) and for humans.

Generally, overdose in humans causes dro,vsiness, dittlness, severe headache, mental

confusion, po.rcsthesin, numbness of limbs, 1U1usen and vomiting. Severe gastro1ntestinlll

bleedin& is also possible. Cercbrul oedema and cardiac arrest ,i.ilh fotol outcome have been

seen in children. 11,e treatment Is symptomatic and largely the wne as \\1th diclofcnac.

Hov.-cver, the possibility of severe GI t.ruCI symptoms should be p:uticulo.rly noted. The risk

of O d f\ d locol treatment with gel or spray is , CT) limited (Dray field.\er osc a er exoggcrotc 

2014) 
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2.17 EXPERIMENTAL lNDOMETllAClN-lNDUCED PEPTIC ULCERATION 

lndomcthacin (l-p-chlorobenzoy-1, 5 methoxy-2- methlindole-3-acetic acid) have anti

inflammatory o.nd antipyretic effects. Local or parenteral administration of indomethacin to 

fasting rats induced acute superficial necrotic lesions in the gastric mucosa (Roberts, 1977). 

Administration of 40 mg/kg B\V of indomcthacin in rats induces edema. cellular necrosis and 

hnemorrhageal of ports of the gross abdominal fearurc (Elcgbe et al, 1988). Indomethacin 

exerts its e!Tect by decreasing the rate of secretion of gastrointestinal mucus and the loY.-cring 

of the concentration of the carbohydrate component of the gastric mucosa! (Menguy and 

Dcsbaillet, 1969). Reduction of the mucus secretion ,viJI expose the mucosa lining of the GIT 

to the action of acid peptic secretion resulting in lesions. lndomcthacin like other non

steroidal anti-inflammatory drugs inhibits the biosynthcsis of prostaglandin (Vane, I 971 ). 

While Main and \VhittJe (1975) reported that the uleerogcnic effect o f indomcthocin is due 10 

its causing local trauma of the blood vessels supplying the gastric mucosa, thus predisposing 

to a decrease in gastric mucosa! blood no,v. 

2.18 MECHANISM OF NSAID's ULCER FORMATION

Gastroduodcn:iJ ulceration o.nd bleeding an: the major limitations to the use of non-steroid:11 

anti-inflommntory drug.s (NSAlDs) The development of safer NSAIDs or of effective 

,i._ • r, th  1· n of the odversc effects of c.xisting NSAIDs requires a better u1q11p1es or e prcven 10 

understanding of the pathogenesis of NSAID-induccd ulcer disease. NSALDs con cause

,1___ 1 .,. Vlll sC\'enll mechanisms, including the topical irrilAnt.... 1U1.ge to the gnstroduodenn muco .... 
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effect of these drugs on the epithelium, impainnent of the barrier properties of the mucosa, 

suppression of gastric prostagtlllldin synthesis, reduction of gastric mucosal blood flow and 

interference with the repair of superficial injury. The presence of acid in the lumen of the 

stomllCh also contributes to the pathogenesis of NSAID-induced ulcers and bleeding. by 

impairing the restitution process, interfering ,vith haemostasis and iD11Ctivuting several growth 

factors that arc imponant in mucosa! defence and repair. The ability of non-steroidal anti

inflammatory drugs (NSAIDs) to cause ulcemtion and bleeding in the upper gastrointestinal 

tract \\115 first documented by the endoscopic study of Douth\\'llite and Lintoll in 1938. They 

dcmonsuated the ability of aspirin lo damage the stomach. In general, the properties of 

NSAIDs that contribute to ulcerogenesis can be divided into t\\O categories: (I) topical 

irritancy, and (2) the suppression of prostaglnndio synthase activity. ln addition, the presence 

in the stomach and duodenum of acid and, in some cases, Hclicob:lctcr pylori (H. pylon), may 

contribute to the ability ofNSAIDs to damage the mucosa. 
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lNDOMETHACIN
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Figure 12 lndomclhacin-induced ulcers (Ami Ill ti al , 2012). 
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2.18.l Topical irritation of lbc mucosa

Studies in the 1960s by Davcnpon suggested that aspirin could directly damage the gastric 

epithelium (Davenport. 1969). The breaking of the 'barrier' pcnnittcd the back-diffusion of 

acid into the mucosa, ,vltlch eventually led to the rupture or mucosa! blood vessels. These 

topical irritnnt propcnics were subsequenll) found to be prcdominnntly associated with those 

NSAIDs ,vith o carboxylic ncid residue. The unionized fonns of these drugs can enter 

epithelial cells in the stomach o.nd duodenum. Once in the neutral intracellulo.r environment, 

the drugs arc converted to an ionized state and cann<>t diffuse out This has been referred to as 

·ion trapping' (Fromm, 1987). As the drug accumulates ,vitltln the epithelial cell, the osmotic

movement of ,vater into the cell results in S\\'Clling of the epithelial cell, eventually to the

point of lysis (Fromm, 1987; Somasuodnram ti al., 1995). Another mechanism by "'-hicb

NSAIDs could damage the gnstroduodenal epithelium is via the uncoupling of oxidative

phosphorylation in the epithelial cells (Somasundar.un ti al., 1995; Mahmud ti al., 1996).

Various NSAIDs ha\'e been sbo,,n to uncouple mitochondrial respiration ( Somnsund:lnun ti

al., 1995; Mahmud ti al., 1996), lending to n depiction of ATP Md therefore n reduced ability 

to regulate normal cellular functions. such ns the maintenance of introccllulo.r pH. 

The ability of NSAIDs to uncouple oxicbth·e phosphorylation nlso appc:irs to be rchttcd to

some extent to acidic moieues {such os cnrboxylic oc1d residues), since substitution at these

sites interferes with the ability of these compounds to act as uncouplcrs (t.1ahmud ti al .•

1aa.c-. Ero · d 1 �-.. -•-- be produced in cxpcrimcntAI circumstllnccs in \\hicb
• 7v1. s1ons an u ccrs --· auv 

NSAIDs arc administered p:ircntcrally (\Vallocc nnd McKnight, 1993) On the other band. the

-4•1 · • di posed 10 NSAIDs th3t a.re cxcrc1cd 1n bile and rcc)clcd
-'41 int.csune \.\'Ould be repcnte Y ex 
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cntcrohcpatically, so it is  conceivable that the uncoupling of oxidative phosphorylation is an 

imponant component of the pathogenesis ofNSAID-induccd enteropathy. 

A third mechanism that could nccount for the topical irritant properties of NSAIDs is their 

ability to decrease the hydrophobicity of the mucus gel lnyer in the stomach. Lichtenberger 

and CO-\\'Orkcrs have proposed that this layer is n primary bruricr to acid-induced damage in 

the stomncb (Goddard et al., 1987; Lichtenberger, 1995), having demonstrated that the 

surface of the stomnch is hydrophobic tllld that this hydrophobicity cnn be reduced by various 

pharmacological agents. For exnmple., NSAlDs were shown to associate \\ith the surface. 

active phospholipids ,vithin the mucus gel layer, thereby reducing its hydrophobic properties 

(Goddard et al., 1987; Lichtenberger et al., 199511, b). These investigators further 

demonstrn1ed that the mucus gel ln)er in the stomach of rots IIDd mice given NSAIDs \\-as 

converted from a non-,vettnble to a ,vcltable Slllte. This clTect \\1lS found lo persist for sc\-cral 

\\ul.$ or months after the cessation of NSAID administration (Lichtenberger, 1995; 

Licbt.cnbergcr et al., 1995a). 

2.18.l Suppression or prostaglandin synthcsb

Vane's disco,ercd in 1971 that NSAIDs inhibit prostagh1ndin synlhcsis (Vnnc. 1971) This 

led 10 the discovery of the ability or minute qunntitics or exogenous prostaglandins to protect

the aastrointcsttnal tract rrom injwy induced by topicnl imtanLS and NSAIDs (Robert et al.,

1976). ThiJ 10 tum led to cxtensl\e rcse:irch into the roles of prostaglandins in mucosa.I

AJ'. • ·at .d CC ,Lat the ability or an NSAID to cause gastne damage...-,cnce. There ,s substanu cvt en uw 

,._1 . . . -·· .,astric prostaglnnd1n synthesis ('\'hinle, 198 I,_,,,. ates \\'Cll \Vllh 1LS ablhty LO SUPP, ......... 
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Rainsford and Willis, 1982; Lanza, 1989; \Vallacc ti al., 1993), agents that an: weak 

inhibitors of gastric prostaglandin synthesis arc less ulccrogenic (Whittle, 1981, Wallace ti

al., 1993). There is  also a good correlation between the time- and dose-dependency of 

suppression of gastric prostaglandin synthesis by NSAIDs o.nd their ability to cause gastric 

ulcers (\Vhittle, 1981; Rainsford and \Viii is, 1982; Lanza, 1989). Endogenous prostaglandins 

� involved in the regulation of mucus and biC3rbonate secretion by the gastric and duodenal 

epithelium, mucosa! blood Oo,v, epithelial cell proliferation, epithelial restitution and mucosal 

immunocyte function (\Vallace and Tigley, 1995). 

Prostaglandins arc not the only endogenous substances reguJoting these components of 

mucosal defence; indeed, nitric oxide appears to perform many of the so.me functions o.s the 

prostagl4ndins in this respect (Wnlh1ce and Tigley, 1995). Thus, the inhibition of 

prostaglandio synthesis nlonc may nol result in the formation of gastric erosions or ulcers. For 

example, mice in ,\'bich the gene for eyclo-o'C)'gcnase-1 \\.!S disrupted exhibited negligible 

IC\'ds of gastric prostnglandin synthesis yet did not spontaneously develop go.strie erosions or 

ulcers (Langenbach et al., 1995). 

The suppression of mucosal prostngllllldin S)'llthcsis, ,.,hilc not nc1:CSS8iily resulting in ulcer 

formation. \\ill reduce the ability of the gastric mucosa to defend itsclf against luminal 
irritants. This has been demonslrtlted very cle:irly in experimental animals. Doses ofNSAJDi

lbai subst.Qntially reduced mucos:il prostJJgllllldin synthesis did not ausc o,en gastric tnJW')'

but greatly increase the suscepubility of the pstric mucosn to cumage induced b> initAnts

e.g. bile salts (Whittle I 977). The fact thnt gllSlric ulcers C4ll be mduced by p:lrCnterall)

..i_, · 1 l993· Hcnn1 et al 1993, \Vallacc and �1cKn1�t. 1993),-mrustercd NSAIDs (Estes et a ., • -� ' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



and lbat this damage can be produced independently of the presence of luminal acid (Rashid

and Toffolon, 1993; Janssen et al., 1994) suggests that the impainncnt of mucus and/or

bicarbonate secretion may be of lc:sscr significance. \Vhilc prostaglandins arc potent

inhibitors of  mast cell dcgranulation (Hogabo:un ti al., t 993), mast cells are capable of

releasing a vuriety of mediators (e.g. lcukotriene C4 and platelet· activating factor) that can

contribute to mucosa! injury (Rosam ti al .• 1986; Rioux nnd \Vallace, 1994}, the effects of

NSAIDs on mast cells do not seem to be crucial to the pathogenesis of mucosn.1 injury. This 

latter conclusion is based on the observation that rots in ,vhicb mucosn.l mast cells hnvc been 

depleted by chemical means, or mice that are genetically deficient of mast cells, exhibit 

similar susceptibility to NSAID-induced gastric injury as do their respective controls (Rioux 

111d \Vallace, 1996). 

Toe rate of epitbelinl turnover has been sho,vn to be reduced by NSAIDs nnd could contribute 

to the pathogenesis of ulcer disease (Eo.st,vood and Quimby, J9gi). Ho\\'CVer, it is unlikely 

that this effect is the principal one that leads to the development of an ulcer. 

Toe component of mucosa! defence that appclll'S to be most profoundly altered by NSAIDs is 

the gllStric microcirculntory response to injury. \\'hen the mucoSII is c.'Cposcd to an irriUUlt. or

when supcrficia.l epithelial injury occurs. mucosal blood flo,v subst.antially increases. This is

probably a response aimed at removing any toxins or bactcrilll products that enter the lamil\3

propria, neutnalizing bacl.-dilTusing acid and contributing to the formntion of a

lllicrocnvironmcnt nt the surface of the mucosa that Is conduche for repair (\\'allacc and

r__ 'bed below NSAJDs CM reduce gnstric mucosa! blood flo\\ and,.,,.,..ger, 1996). As descn • 

"""" . f utr0phils {lo,�1ng through the &D,Stric microc1rcul1tion.,-.v,Oundly alter the behaviour O ne 
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2.18.3 Effects on the mic:roc:irc:ulaelon 

The ability ofNSAlDs to reduce gastric mucosa! blood Dow has been recognized for several 

decades (Ashley el al., 1985; Kitahom and Guth, 1987; Gnna et al., 1987). ProstagJandins of 

the E and I series are potent vasodilators that arc continuously produced by the vascular 

endothelium, so the inhibition of their synthesis by an NSAJD leads to a reduction in vascular 

tone. Sevcrnl lines of evidence have suggested thnt dwnage to the vnscular endothelium is an 

early event following the administration of NSAIDs to experimental noimals (Rainsford, 

1983; Wallace et al., 1990). Endothelial injury is also an c.irly event in the p:ithogencsis of 

gastrointestinal damage associated ,vith ischacrnin- rcperfusion (Granger et al., 1930), in 

Y.hich oeutrophils have been demonstrated to play a critical role as mediators of endothelial 

injury (Hemandc:2 el al., 1987). This observation led 10 the possible role of the acutropbils in 

the pathogenesis of experimentol NSAIDs gnstropathy. 

Studies had demonstrated that NSAIDs administration to rots resulted in a rapid and 

significant iocrcasc in the number of neutrophils adhering to the vascular endothelium in both 

gastric and mcsenteric venules (Asnko el al., 19928, 1992b; Wallace et al., 1993a; Wallace et

al. 1993b). This effect ,vas typically seen Y.ilhin 15 -60 minutes after the administration of an 

NSAlDs, consistent "'ith the period of time required for the suppression of prost4g1Andin 

synthesis by these drugs (Wallace and McKnight, 1990) Subsequent studies demonstrated 

that this adherence y.-a., dependent on the c><presslon of the D2-1ntegrins (CDI I/CDl8) on the

IICUlrophils and intercellular adhesion molecule-I (ICM1-l) on the vascuhir endothelium 

<Wallace et al. 1993b). Such adherence could also be demonstnited to occur in ,itro usmg

isolalcd hWJ\lln ncutrophils and endothelial cells from human umbilical ,ctn (Yoshida ct al.,
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1993). Furthermore, the upregulotion of lCAM-1 on the vasculnr endothelium in the gastric 

microcirculation wus sho,vn to occur within 1 S - 30 minutes of the administration of an 

NSAlDs lo rats, nnd this could be prevented by the administration of exogenous 

prostaglondins (Andre,vs et al., 1994). 

Administrotion of prostoglo.ndins at doses previously sho"11 to prevent gastric injury inhibited 

NSAlD-induccd leukocyte adherence (Asako et al. 1992a, Asako et al. 1992b). Further 

evidence for o link bet,vecn neutrophil odhercnce Md NSAID-indueed gastric injury come 

from studies of :uthritic ratS (McCafTcrty et al., 1995). These animals, like hwnans with 

rheumatoid arthritis, exhibited an increased susceptibility 10 NSAID-induccd gostric damage. 

Interestingly, these rots also exhibited on increased level of neutrophils adherence to the 

\'aSCUlar endothelium. This appeared to be due to an increase in expression of ICAM-1 on the 

vascular endothelium of arthritic rots, since pre-treatment ,vith an ontibody against ICAM-1 

miuccd leukocyte adherence :ind the susceptibility 10 NSAID-induccd gastric damage to 

IC\els seen in healthy controls (?-.fcCafferty et al., 1995). These studies suggest that in 

rcspoosc to the suppression of proswglandin synthesis by NSAJDs, tbCR is o rapid 

uprcgulation of expression of ICAM-1 on the vascular endothelium and possibly o.n 

uprcgulation of b 2 -intcgrin expression on circuloung ncutrophils, resulting in o.n increased 

adherence of neutrophils to the endothelium Also it has been suggested tlu11 tumour nccnms

factor-a (TN Fa) might be the ley signnl for NSAlD-induccd ncutrophils adherence \\ithin the 

IIStric microcirculAtion (S1Ultucc1 ti at,.199-'). The release ofTNFa from lll4crophagcs and

1111$1 cells has been shown 10 be suppressed by pronagltindins (Kum.cl ti al., 1986; 

JI--.L. � . TNF . ",:ll-ctwncteriud stimulus for adhesion molecule
� ti al. 1993), and a 1s a 
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expression (Rothlcin ti al., l 988). ll has bttn dcmonstr1ted lhal lhc levels of lNFa in lhc

plasma of rm significantly incrt:ased follo\\ing lhc administration of indomcthaciD, this

being accompanied by a parallel accumulation of ncutrophils within lhc pstti�

miaocin:u.lation lllld lhc development of gastric injury. Funhcrmort:, pre-treatment wilh a

lNFa synthesis inhibilor, pcnto�1fyllinc, dose-dependently reduced ncutrophils accumulation

in the ga5tric microci.rculation lllld pstric dam3ge (San1ucci ti al,. l 994). These rcsulis have 

been confirmed and extended by usi.og a number of structurally uruehlled inhibitoB of TNFa 

")1'4besis and an anti-lNFa antibody (Appleynni ti al., 1996). 

Another poup of medi3tors that might contribute to the inc1USC in ocutrophils ldbcat,,c 

follo1'ing NS.AID administration is lhc leukotricncs. Like prostaglandins, lculotricncs are 

dem'Cd from arachidooic acid and b:lvc been sho,vn to be capable of lltcrin& the 

amcpti)j]it}- of tbc gasme mucosa to injury (RAinsford. l 987; P1lrm 11 aJ .. l 918;.As:lko tt al. 

1992a; V1111=1nc l'j ti aJ., 1992), at least in part through stimuwory effects 011 r.cuuosiiI) 

•dbeu ...::e 10 the ,'ISCUl.ar endothelium (As,ko ti al. 199"..a). Inhibitors of lc'Qtl>lria:lc

5)1J&bcsis and tcukouicne � antagonisu hs,-c been ahov.1\ to acn IOIDC protc:CtJ\"C

dfects in cxpcrimen1AI modtls ofNSAID-induccd s•stric � (Rnfmfard., 1917; Pilrm n

al .. 1918; \'anaocn 11 aJ .. 1992) Thctt ls a1.w> nidrncc or 1111 de\'lltcJ lcw;otncnc 84

JSQdueuoo follo'oloing NSAID edministnuon 10 lAbonstof)' animals (A O II al 199"..a) lftd

- (Undson ,, al,. 1993). and lnhibiton of lculotmnc l)lllbnil and • 1cuLotrimc 84

nine� IO!apu ha\� bc�a mov,11 to pm'ffll N AID-induced DCUtrophi) edhnmcc to the

,.,4_ m:'«liel um both bl \1\1>(An\Otl aJ 19911) md ia ,-uro f\''ostlldl n al,. 199)).

E,irinxc Co, a role for acut"4f11ls m mc ristbc r.cocsii ofpstrie ukcnwon
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recenlly been provided (faha tt al. 1999). Patients taking NSAIDs who bad significant 

numbers of ncutrophils within the gastric mucosa \\'Crc approximately six times more likely to 

develop an ulcer over the course of24 \\1:Cks, than \\'Crc patients who did not have significant 

numbers of neutrophils in their gastric mucosa. It is 111so noteworthy thot, in a clinical trial 

cxomining the potentiol benefit of fnmotidine for the prevention of NSAID-rcloted 

pstroduoden:il ulcers, It \\'US observed thnt no increased peripheral ,vhite blood cell count 

\\115 D significruit risk factor for ulcer development (fnha tt al., 1996). They suggested that 

this obscrvotion \\'US consistent ,vith the hypothesis thnt NSAID-induccd gastropathy \\'US

mediated at least panially, by ncutrophils. 

How \\'ould the adherence of ncutrophils to the vascular endothelium contribute to the 

formation of gastroduoden:il ulcers? First, the lldhercncc of neutrophils to the vasculor 

endothelium is accompanied by an activation of these cells, leading to the release of proteases 

(e.g. elastasc and collngcnnsc) and oxygen-derived free radicals (e.g. supcroxide anions}. 

lbcsc subst.:Ulces may mediate much of the endothelial and epithelial injury caused by 

NSAlDs. This is supponcd by observations thnt the severity of NSAID-induccd mucosa! 

injury can be markedly diminished by compounds thnt scovengc oxygen-derived free radicals

(Del Sold:ito et al., 1985; Vo.nnancn ct al., 1991), and by inhibitors of neuuophil-dcrivcd 

proteases (Y oshido ct al., 1995; Muroknmi tt al. 1999). 

Secondly, ncutrophil adherence to the endothelium, and the subsequent recruitment of other

clements of blood (e.g. platelets), could produce an obstruction of the cnpilhuics, thcrcb)

rcd11eing gastric mucosol blood now. ln this respect, it should be noted thnt the ,,-cll-

ci...-- · . . f NSAJD t reduce nmstric blood Oow (Ashley tt al., 1985; Kitnhorn
...-.ctcnz.cd nb,hty o s o .. 
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and Guth, 1987; Gana et al., 1987) has been shown 10 occur subsequent 10 the appearance of

·,vhite thrombi' in the gastric microcirculotion (K..itahora and Guth, 1987).

2.18.4 Inhibition of rc.,lilution 
Damage to the gastric epithelium probably occurs on a daily basis but docs not usually lead 10

deeper mucosa! injury because of the ability of ropid (i.e. \\ilhin minutes) repair that occur via 

the process of restirulion. This process involves the rapid migration of healthy cells from the 

gastric pits 10 rc-eslllblisb an intact epithelial barrier (Morris and \Val lace, 1981 ). The cells 

move along the denuded basement membrane, ,vhich nets as a template and has been sho,\11 

10 be crucial to the restitution process (Morris and \Val lace, 198 I; Svancs et al., 1982; Lacy

and Ito, 1984; Moore et al., 1989). The basement membrane con be damaged by acid leading 

to an inhibition of restitution and the progression of necrosis to deeper layers of the mucosn 

(Black ti al., 1985; \Vallace and \Vhittle, 1986; \Vallace 1111d McKnight, 1990). This docs not, 

bo\\·cver, occur i n  normal circumstances because of the formation over sites of injury (i.e. 

exposed basement membrane) of a microcnvironment in ,vhich the pH is maintained at near 

neutral, even in the presence of a significant acid load in the lumen (Wallace and \Vhittlc.

1986; Wallace and McKnight, 1990). A ·mucoid cop' consisting of mucus, cellulo.r debris and

plasma proteins (particularly fibrin) forms ,vithin seconds of gastric epithelial injW), trapping

the plasma that leaks from the underlying microcirculation (\Vallace and \Vhittle, 1986). h is

this plasma which accounts for the near-neutral pH \\!\thin the protective mucoid cap, since

C\·- b · f 
· f uco•�I blood flow results in o rapid decl'Cll.SC in the pH ...,;thin�· a very ne ecssnuon o m .,.. 

the ·d h. h - .-.,115 in the fonnnlion of haemorrhagic erosions (\Vallacc etmuco, cap, " 1c 1n tum , .... w 

al.,. 1990). 
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As discussed 11bove, NSAIDs can decrease mucosal blood flow. Thus, NSAIDs can cause 

pstrie injury by interfering with the funclion of the mucoid e11p and therefore the process of 

r,:stitution. Following the systemic administration of an NSAJD to an animal in which 

superficial epithelial injury had been induced, the pH within the mucoid cap that bad fonncd 

o,cr the sites of epithelial dDmllge declines in parallel "',th the inhibiuon of prostaglandin 

synthesis (\Vallace et al.,. 1990). \V11Jun minutes then:aJler, the formation of haemorrhagic 

erosions becomes clearly evident 'This effect could be prc,cntcd through the lwninlll delivery 

of e:<ogenous prostnglandins, as could the formation of haemorrhagic erosions (Wallace et

at .•. 1990). 

1.18.S Repair of ulcers 

1n addition to causing ulcer forrna11on. NSAIDs can delay the heo.1,ng of pre-existing ulcers 

and promote their bleeding (Stadler et al., 1991; Armstrong ond Blo\\"Cr, 1997). The effects 

on ulcer healing ore prob:lbly related to the llbiliry of NSAIDs to suppress prostngland.in 

synthesis. ln normal gnstric mueosn. prostnglo.ndin synthesis occurs mainl) via the e)i:lo

oxygcnase-1 isofonn HO\\'CVer, at a site of ulccmion. Md particularly a.round the ulcer 

margin. cyclo-oxygconsc-2 appears 10 be the primQf) contributor to prost.aglAndin synthesis.

Studies 10 mice and rots irutinlly dcmonstn1tcd the nwi,.cd uprcgulation of cycloo,1 genasc-2

in ulcerated gastnc tissue (Mizuno ct at., 1997, Schmassmann ti al, 1998). �lorco,-cr, the

lrtatmcnt of rots or mice ,vlth selective in.hibitor, of cyclooygena.sc-2 results in a significant

delay of ulcer hcnling (Mizuno et al., t 997, Setunassmann ti al , 1998). These obscn-ations,

1111d f . 1 n�• .. 2 inhibitors exaccrb:111ng 1ntcstinlll infllll\Jl\lltion and
rtpons o sclcc1,-.c eye ooxy"c ....... 
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ulceration (Reuter ct al , 1996), suggest that caution should be exercised in reptds lO new 

C)'Clooi.;ygcnasc-2 inhibitors as giistrointestinoJly safe (Wallace. 1999; Wall1Ct: ti al., 1998). 

The ability or NSAIDs to promote the bleeding or pre-existing ulcers is most probably related 

to their inhibitory effects on platelet oggrcgntion (Prichard tt al, 1989; lla�kc)' ti al., 1991). 

The inhibition or plotclel aggregation by NSAIDs occUJ1 as o consequence of the inhibition of 

lhromboxone synthesis. Aspirin, unlike olhcr NSAJDs produces on irrc,·ersible inhibition of 

lhromboxone synthesis in the platelet. Thus. C\cn the lo,v doses of aspirin used for the

propb)'lo.xis or m)oco.rdiol infarction ond stroke cnn significantly increase lhc nsk of 

gastrointestinal bleeding (The SALT Collaborati,c Group, 1991, ?-.1cadc et al., 1992; Ctyer el

al., 1995; Agro,vul, 1995). 

2.18.6 Role or acid In ulcer rormation

The observation that NSAID-induccd ulcers c.in develop in ochlorhrdric individuals (Rashid 

and TofTolon. 1993; Janssen tt al. 1994), bas contributed to a \\idely held beJjcf thal acid is 

not in\'o)ved in the p:ithogcncsis of these lesions. Fwthcr reinforcing thls hypothesis ore

several studies dcmonsuating that UQt1nen1 \\1th rust4minc H1-reccptor antagonists did not

rtduce the incidence ofNSAlD-induccd ulccrntion (Agni\\ul, 1995; Koch tt al, 1995; Strnon

,, al., 1994) 11o ... .-cvcr, many of these t)l)C$ of studies ho,c demonstrated Out �ontoaonists

and proton pump inhibitors can prc\'eOt NSAID-1nduccd gl\StnC lesions. but not lhc formAtion

or•'-- 1 . .Ii t ulcers ns \\'tll as ulcer complications It 114,� been reported
UJC c 1n1caHy more s1gn1 ,con , 

•'--· hi 'd (40 mg 1,..,;cc dA1ly) \\11.S cffccuvc 10 preventing NSAJD-"� • gh dose of famou inc 

Induced ulcer, (Tol,o ti al 1999), ond that omcpnu.olc could slQOiliCMtl) reduce lhc
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incidence ofNSAID-induced ulceration (Howkcy et al., 1991). These studies suggested that a 

profound suppression of acid secretion, as is produced by omeprazolc or by a high dose of 

famotidine, was necessary in order lo have a signific.mt impact on the incidence ofNSAID

induced ulcers. 

Acid moy contribute to NSAID-induccd ulcer formotioo in several ways. First. acid can 

exacerbate damage to the gastric mucosa induced by other agents. For example, acid con 

convert regions of ethanol-induced vascular congestion in the mucosa to actively bleeding 

erosions (Morris and \Vallace, 1981). Secondly, acid ,viii contribute to ulcer formation by 

interfering ,vith hnemostnsis. Platelet aggregation, for example, is inhibited at a pH of less 

than 4 (Green et al., 1978). Thirdly, as outlined above, acid can convert superficial injury to 

deeper mucosa] necrosis by interfering ,vith the process of restitution. Fourth, acid can 

inactivate several gro,vth factors (e.g. fibroblast gro,vth factor) that ore important for the 

maintenance of mucosal integrity and for the repair of supcrtioial injury, since these growth 

factors ore acid-labile (Swbo et al., 1994). 

It is important to note that NSAIDs can increase gastric acid secretion, although it is not clear 

whether such effects have any impact on ulcer formation or healing. Prostaglandins exert

inhibitory effects on pariet:il cells (Soll, 1986) so the inhibition of their synthesis by NSAIDs

C4n result in an increase in gastric acid secretion (Ligumsky, Goto and Yamada. 1983). 

2.19 EXPERJr.1ENTAL \VATER lft11\lERSlON STRESS-INDUCED ULCER fttODEL 

S•- · od 1 blcs the psychogenic factors in lhe pathogenesis of gastricu�s-1nduced ulcer m e rcsem 

I . • 1 d animal experiments appear to be o human condition andu ccrs 1n pallents. Thus, strcSS-rc otc 
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have allo\\'Cd studies into pathogenic mechanisms as v.-ell as useful therapeutic interventions. 

Konturek et al., (2003) n:ported thnt n stress-induced ulcer model which resembles >turnao 

peptic ulcers both grossly and histopathologically, arc useful in evaluating mucosa! and 

cytoprotective drugs. Various physical and psychological stressors cause gastric ulccn11ion in 

humans (Demirbilck ct al., 2004), and models hnve been developed to mimic the disease 

condition in humans. This model employs the restraint technique developed b y  Brodie and 

Haoso11 (Brodie and Hanson, 1960) coupled \vith the cold-water or  ordinary-water immersion 

method by Levine (Levine, 1971). The combination of these methods is reported to be 

synergistic in inducing acute stress lesion in rats (Senay nnd Levine, 1967), arising mainly 

from physiological discomfort. Gnstric ulcers induced by v.uter-immersion stress (WIS) in 

rats or mice arc kno\VO to resemble humnn pcplic ulcers, both grossly n:nd bistopathologically 

(Konture ti al., 2003).The model is \videly used nnd is reported to be useful for assessing or 

studying the effects of agents/medicines on the healing of ulcers in rots. Stress-induced ulcers 

manifest as single or multiple mucosol defects. The pathophysiology of stress-induced ulcers 

is complex. The ulcers are produced due to the rele:uc of histamine, leading to an increase in 

acid secn:tioo, a rcduciion in mucus production (Kitagawa ti al, 1979), pancreatic juice 

reOux, and poor no\v of  gastric blood (Gulh, 1972). 

Stress o.lso causes nn increase in gastrointestinal motility resulting in folds in the stomxb

<Peters and Rich:i.rdson, 1983) thllt is 01orc susceptible to drun11gc Ytbcn they come U\ contact

v.itb acid (Brodie and Han.son, 1960). furthermore. stress hns also bccn found to decrease the

quality and amoun1 of mucus adhering to 1hc so.sine mucosn. It has been suggested that, in

· · ly I otf'11ter destruction of mucui and 00ad1t1ons of cmo1ioMI tension. there 1s not on r-
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dccteaSed synthesis of its components, bu1 also a quality chMgc tha1 affects the translation, 

acylalion, and glycosyhllion of the ribosomal peptides (Peters and Rictwdson, 1983). 

lmplicilly, the stomach wull mucus plays an imponan1 role in stress-induced glandular 

lesions. Increased Yagal activity has nlso been reported 10 be one of 1he factors involved in 

SIJ'C$S·induccd ulcers (Brodie and Hanson, 1960). Due to the critical role tha1 mucus plays in 

pro1ee1ing the stomach and also enhancing healing in lhc stomach \\1llls, the model is 

rcc-0mmcndcd for use ,vhcn cvalunting mucosnl o.nd eytoprotcctiYe ngenls. The procedure for 

inducing ulcers ,Yith the ,,111cr immersion stress-induced ulcer model, includt! animn.ls being 

fasted for a period of24-36 hours prior 10 the expcrimeoL Ulcers arc then induced by placing 

animals individually in a reslric1cd cage nnd immersing lhrm vertically in \\'lllcr tarut, (1S-

20"C) gradually to lhe level of lhc xipboid for 17 hours in the case of \\'aler-immcrsed 

model. 

2.20 ST ARVATION-JNDUCED ULCER l\lODEL 

Starvation-induced ulceration ,-..u first reported by Singer in I 913 after obscrYing lesions in

the stomach of rots deprived food. Robert and Nemmis (1958) reported the presence of

ulcers in the stomoch of ruts after four days of totAI swvn1ion, and in the glnndulo.r portion

fioll · d · ·-ti·on Also Q1n1.11 ti al, (1960) reported the production of0\\1ng cortisone Q m1n1Suu • D" "  

..... .: . d ,__ rt'on of the stomnch in mice ofter a pcnod or starvation._u,c ulcers an the glan UJW po 1 

N · . . . rcsu1 - .1..,,cncT11tion IIJld atrophy of gastric mucos:\l barriers.Ulnllonal dcpnvauon �y I 1n ..... .,, 

· snl vtopro1ec1i,·c substnnccS, such as Qlu1.11thaonc andInd m deficiency or precursors of mueo e, • 
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mucus. The pathological mechanisms underlying starvation-induced mucosal injury are

complex. Starvation may enhance the activity of gastric mucosal offensive factors and/ or 

inhibit the activity of the defense system. Factors that are likely to be involved in the 

formation of starvation-induced ulcer include: increase in gostric acid, increase in generation 

of free radicals, reduction in mucosa! cytoprotectivc substo.nccs, reduction in mucosa! blood 

flo.,.,,, and decl'CllSC in adenosinc supply (Hung and Neu ti al., 1997). Reports also sbo.,.,-cd that 

then: \\'CTC acid back-diffusion, oxygen free radical generation and lo,vercd mucus production 

correlated \\ilh ulcer formation in starved rats (Hung and Neu ti al., 1997). 

2.21 ULCER SCORING 

Ulceration in the stomach con be assessed by means of a sc-0ring technique. To achie,.c this,

the stomach has to be exposed surgically and opened up by an incision along the lesser 

curvature. A macroscopic examination of the stomach can then be m.adc using a magnifying 

hand lens. Alphin and \Vo.rds (1968) used a scoring technique that has to do .,.,;th easy 

handling of  low figures. In this method, ulcer score ranges from O • 3.0 and arc os follo,vs: 

Interpretation 

0 Normiil Stomach 

0.5 Gray d,scolouration and thinning of mucosa 

l.O Pin-point ulcer 

2.0 One or t\\'O smnll ulcers

l.O Several ulcers, 
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Elegbe and Bamgbosc ( 1976) used tw d'ffi 0 1 crcnt sconng methods. which were modifications

:,fthe method of Alphin nnd Wards (1968) to assess the ulceration produced by slAJ'Vation and

indomethacin-induction. They suggested that the .,L._.,m .... iuu of sconng ulcer depends on the 

methods of induction of the ulcer since ulccro • rod . . gcruc agents p uce ulcers 1n varying dcgrcc:s. 

With indomethacin induced ulceration the ,._ollowi· 't 
. , " ng en ena were use: 

Score Interpretation 

0 Normlll Stomachs 

o.s Punctuate haemorrhage or pin point ulcers 

1.0 T,vo or more smnlJ hncmorrhagic ulcers

2.0 Ulcer greater than 3mm in diameter 

In this method, a score of less than 1.0 ,vas tnkcn as an offer of protection. 

2.22 TREATMENT OF ULCER 

The lmltmcnt of chronic peptic ulcer involves the treatment of acute cxoct:rbation � the

implications and pre\'ention of ulcer reoccurrcnce. The long term manngcmcnt of ulcer

in,olvcs the use of drugs aimed at inhibiting oc:id secretion and enhnncing mucoS31 resistance

to acid lllld pepsin and eradi cating 11. pylori .. DNgs emplo)cd for long term flWlllgemcnt of

peptic ulcer include nnticholincrgic drugs, 112- receptor nntogon1st and prostoglnndins (PgA2,

Pg81 and PgB,). Surgery is carried out through the proximal gastric vagotomy for duodcnnt

lllttr. lflhis fails, noLrcCtomy is usually employed. Also, O\'Cr the ne>.t hlllfccntury,

I 
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therapeutic inhibition of acid secretion rest� l11rgely with the skilled hands of surgeons

progressing from gastrcctomy to highly selective vogotomy. Then. the synthesis of selective 

histamine, H2 receptor nntagonists not only provided the first effective and tolerated 

medication for acid inhibition but disproved the position taken by most of the rescnrchcrs 

\\-Ooting on gnslrin (Black e/ a/., 1972). Cimetidine established histamine as a prominent 

player in regulation of acid secretion in the human stomach (Black c, al., 1972). 

2.22.1 Antacids 

Neutraliuition of secreted acid ,vith antacids arc oficn used by patients for symptomatic relief 

of dyspepsia. The precise mechnnisms by \\'hich antacids hasten the healing of peptic 

ulcerations nre not clear, but o variety of eytoprotective effects have been proposed for these 

agents, especially those thnl contain aluminium (Konturek, 1993). The most commonly used 

agents are mixtures of aluminium hydroxide nnd magnesium hydroxide. Aluminum 

hydroxide can produce constipation nnd phosphate depiction. Magnesium hydroxide may 

cause loose stools. Calcium carbonate nnd sodium bicarbonate ore potent o.ntocids ,vith 

\"3.r)'ing le\'els of potential problems. TI,e long-term use of c:nlcium C3fbonnte ,vhich converts 

to calcium chloride in the stomach can lead to the mill..-all..ah syndrome ,vith hypcrcalccmia.

h)'J)Crphosphntemia ,vith possible renal calcinosis, and progression to renal insufficiency. 

Sodium bicarboruite may induce systemic all..olosis.

2.22.2 Histamine {1"1i) Receptor AotagoobtJ

Cimctidlne \\'US the first Hi receptor o.ntngorust used for the treatment of PUD. No,v, four

(c•--·d· . . . 'd" ftftd ni1.t1tidine) of these agents ore presently o,11.itnble. All-.. ,, inc, nuu11d1nc, famou ,ne, ... , 
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four agents are available over the counter without prescriplioo in the United States. These 

compounds arc competitive inhibitors of bistaminc-stimula1ed acid secretion. Famotidine also 

appears to have some component of non-competitive inhibition (Feldman and Burton, 1990). 

In addition to blocking histamine stimulated gastric ocid secretion, all four agents suppress 

basal acid output as \veil ns acid output stimulated by meals 10 comparable levels when used 

al therapeutic doses. The H2-receptor antagonists arc a remarkably safe and well-tolerated 

group of agents. Cimelidine has \\cnk anti-androgenic activity thnl occasionnlly can cause 

gyoo:omastia ruid impotence (Chcmer el at .. 1988). \Vith short-tenn Sl4ndard-dosc therapy, 

lbesc effects arc rare. A variety of central nervous system symptom.s have been reported 

rarely in patients tnking H2 receptor antagonists including headaches, restlessness, 

somnolence, dizz.iness, depression, memory problems, confusion, pS)chosis, and 

b3llucinations. M)closuppression is an uncommon. presumably idiosyncratic side effect of 

the H2 receptor antagonists (Agura et at., 1988). Cimetidino inhibits cytochrome P450.

2.22.3 Proton Pump Inhibitors (PP() 

The PPls are a clll.SS of drugs that dccrc4SC gastnc acid sccrctton through im:,crsible 

inhibition or 11,K· ·A TPo.sc, the proton pump of the parietal cell. Omepnu.olc:. csomeprazole,

'···· t be I and ft.'lntopruzole an: five PPls currently ovniloble. 1bcsc agents
-=prazo e, ra prazo e, ,--

In: .......i .... be · tcd by acid to e4usc inhibition of H' ,K • ·A TPasc. The hnlf-lifeinvu.rugs uwl must acll\-1 

of PP ls • 18 Th • iale between 2 and 5 dnys for gnstric oc1d secretion to rel\lm
IS hours. us, II can 

lo the d .,., ha,e been discontinued. �tild to moderatenormal levels once se n,.,. 

1n,.,..,____ __ • • cd. tlents uu.rng these drugs. Scrum 11astnn lc,eu
-,l"C•PWJnem1a ha.s been obscr\ lll pa 
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return to nonnal levels ,vithin 1-2 weeks after drug cessation. Intrinsic factor production is 

also inhibited, but vitamin 812-deficicncy anaemia is uncommon, probably because of the 

large stores of the vitrunin. As with any agent that leads to significant hypochlorhydria, PPls 

may interfere \\'1th absorption of drugs such as ketoconazole, wnpicillin, iron, ond digoxin. 

Hepatic cytochrome P4SO can be inhibited by the omeprazole llDd lnnsopraz.olc. Rabcpraz.olc, 

pantoprazole, and esomcprozole do not appear to interact significantly with drugs

metabolized by the cytochrome P4SO system. PPls provide superior acid suppression. healing

rates, and symptom relief and nrc recommended as initial therapy for most patients. PP ls have 

been shown to provide earlier pain control and helter healing rates at 4 \\-eeks compared to H1 

blockers (85¾ versus 75%) (Poyna.rd cl al .• 1995). PPls heal DUs in more than 95¾ of 

patients at 4 \\-CCks and GUs in 80% to 90% of patients at 8 \\-eeks (Vakil and Fcnucny, 

200)). 

2.22.4 Hclicobactcr Pylori Eradication 

Curing H. pylori infection not only heals peptic ulcer but also pl'C\ents ulcer relapse to <IQ. 

2w. as compared 10 S�/4 in OU 1>3tients and 67°/4 in OU patients \\hen the Ofianism is not

eliminated (NIH Consensus Development Panel on Helicob:ictcr pylori in Peptic Ulcer

Disease, 1994). Multiple drugs including amoxicillin, met.ronidazolc, tetncyclinc,

Clari,L- . 
b' 11 ..,..,..A. 11.3,e been used for the thcnipy of H. P) Ion. The aimuuum)c1n, and ,smu I com...,-� 

r._ · "tial . hould be g5u 9m• No single agent 1s clTccti,-c m CJ1lCbcatln; thewr 101 erad1ca11on rotes s 7r · 

""'··'- . • fi 14 -'·ys provtdcs the grcatcst efficacy compared lO 7-10
··-U>m, Comb1na11on therapy or "" 

I there is no uni,c�I) regimen days rtgimens (Broutct cl al , 2003) Unfortunate ), 

"led 2 ourscs of antibiotics.�cd for paucnts �ho h4\C fai c 
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1.11.5 Sucnlfatc 

Sucralfate is a complex sucrose salt in which the hydroxyl groups ha,·c been substituted by

aluminium hydroxide nnd sulfate. When exposed to gastric acid, the aluminum hydroxide
dissociates, leaving sulfate Mions that can bind elcctrostntically 10 positively charged proteins

in dnmngcd tissue. In this fashion, sucrulfnte adheres to ulcer craters, where it appears to fonn

a protective bru-ricr that mny prc,cnt funhcr acid-pcpuc attack. Other proposed beneficial

effects of sucralfate a.re enhancement of mucosnl prostnglo.ndin le,cls. stimulation of mucus

and bicnrbonnte secretion, binding of bile salts. binding of epidcrmnl grow'th factors, and

promotion of angiogencsis (McCnnhy, 1991). Toxicity from this drug is rorc. with

constipation being n,ost common (2..,. • 31/e) 

1.11.6 Bismuth-Containing PrcparatlonJ 

T .... -o colloidnl pn:p:uutions of bismuth ba,c been most commonly used, colloidal bismuth 

subc:itrate nnd bismuth subsnlicylnte. The mcchnnism by ,vhicb these agents induce ulcer 

healing is unclctlr. Potential mechanisms include ulcer coaling, prc,cntion of further pepsin 

or h)drochloric-induccd drunngc, binding or pepsin, and stimulation of prostaglandins,

.., __ bo d u·on (Hnll 1989) 1nese compounds ore commonly used os one"""1r natc, nn mucous sccrc , · 

Or,.... · · 11 1 · rcnimen ns bismuth hos docwncntcd ontimicrobiol actionsullO; agents 1n on anti· . py on o 

..... :.. • 
(li 'th short-term usage include block stools. constipation, � .. , H. pylon. Ad\'erse e ccts \\I\ · 

.... US3"C with hish doses. especially ,vitb the avidly ..... darkening of the tongue. Long-term o 

absorbed colloidnl bismuth subcitrntc, moy IClld to ncurotoxicity.
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Ul.7 rrost1gl1ndlo An1loguu 

Misopros1ol. n proslllglnndin Ea analogue, 1s lhe only prostoglandin nnnJoguc appro\·cd for the
�vention of NSAIO-induccd ulcer disease. This drug not only enh:ulccs mucosal defense

mechanisms but nlso inhibits gastric acid secretion. II hns been shoY.11 that ii significantly
reduces noctumnl, basnl, nnd meal s1imulo1cd acid secretion at o s14ndant therapeutic dose,

although the effect is not as po1cn1 as that of antlSCCTCIOr) agents (03vis, Forduan and Dajlllli,

1988). The most common 1ox1c1ty noted ,vith this drug is diarrhoea (IOo/.-30% incidence). 

ProSlllghmdins stimulate uterine smooth muscle. Utcnnc bleeding hns been reported Y.ith 

prostaglandin nnnlogs during the first trimester of pregnancy. II is therefore c-0ntn11ndica1cd in 

\\'Omen \\ho mny be pregnant. 

2.22.8 Trt1tmcot or NSAlO/AJpirio Gastric or Ouodco1l lojury 

�lcdical intcn ention for NSAlO/aspirin-relntcd mucos.11 injury includes trealmcnt of o.n

acti,c ulcer and primary prevention of future injury. Current evidence indicates lhnt PPls ore

� cffcc:li\'e thnn Hi receptor nntagonis\S nnd misoprostol in healing NSAJD-1LSSO<:i11tcd

ulcers when continuous NSAID/nspirin trcntment is required. \Vhen NSAlDs can be

ducontinucd, nn Hi receptor antagonist is an effective llltcmative. There arc no datn to

"'"""n th b · · 
r nuon·' NSAID� \\ith C)'Clooxgcna.sc·2 inhibitors in patients..... "" e SU SIIIUIIOn O convc 111 

11,,,,. · · ...nw're ""ti-inflllmm111ory therapy. Eradicntion ofH. pylori''"' otllvc ulcers ,�ho continue 10 -�, .... 

Ind · 'th PPI arc effccti\e in the prevention of aspirin-inducedmaintenance therapy \VI s 

... ,_. . . Development Panel on Helicobacter pylori in Peptic-uintcshnnl lcs1ons (NlH Consensus

\J\ccr Disease, 1994).
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1.11,9 Surgery 

Peptic ulcers arc caused by imbnlnnce bct\\-ccn the gostroduodennl mucosnl defensive factors 

such as bicarbonate nnd mucus versus ogg,1:Ssive f11etors like ncid and pepsin. The 

pluumocotheropy of peplic ulcer bns adVllJlccd n 101. The drug 1rea1mcnt of peptic ulcer has 

significantly brought do,vn the morbidity nnd mortality nnd need for surgical interventions 

,vhich mny be ouributcd to the advent of H1 blockers and proton pump inhibitors. Surgery is 

indicated in pnlicnts ,vho nrc intolerant of medications or do not co,nply ,vith medication 

regimes ond in those nt high risk of compliClllions such o.s transplant recipients, patients 

dependent on steroids or NSAIDs, those ,vith giant go.stric or duodcnnl ulcer, nnd in those 

,vith ulcers thnt fail to hcnl ,vi1h adequate treotmcnt. Surgery should also be considered for 

palicnts ,vho hove n relapse during mnintcnnnce ll'C!ltmcnt or ,vho h:ive hnd multiple coums 

of medications (Pnlanivclu et al., 2006). Truncal vogotomy, selective vogotomy, highly 

selective vngotomy, and pnrtinl gastttetomy ore used in patients ,vith DUs. Partinl 

gas�tomy "'ilh gastroduodcoal or gastrojejunnl anastomosis moy be used in patients with 

GUs. 

2.23 PUO-RELATED COMPLICATIONS

Gft•t · · 1 bl d' · th most common complication observed in PUD. It occurs in.... ro1ntest1nn cc 1ng 1s e 

15" f · d ftcn in individuals older than 60 years of nge. The higher,. o patients on more o 

i ··•- . 
. l'k I d e 10 the increased use of NSAIDs in this group (Hilton etnc1ucncc 1n the elderly 1s 1 ·e Y u 

. 'th ulcer•reloted haemorrhages bleed ,vithout anyal., 200 I). Up to 20¾ of pa11ents \VI 

Th second most common ulccr-rcloted complications>rtceding ,vaming signs or symptoms. c 
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is perforation. This complication occurs in 6o/.-7% of PUD patients (Valle. 2008). The 

incidence of perforation in the elderly is increased secondary to incrcoscd use of NSAIDs. 

Penetration is a fonn of perforation in which the ulcer bed tunnels into AD adjacent organ. 

DUs tend to penetrate posteriorly into the p:incrcas, leading to pancreatitis. GUs tends to 

penetrate into the left hepatic lobe. Gastrocolic fistulas llSSOCiated ,vith GUs have also been 

described. Gastric outlet obstruction is the lea.st common ulcer-related complication and 

occurs in lo/.-2% of patients (Valle. 2008). Patients ,vith recurrent duodenal or pyloric 

channel ulcers mny develop pyloric stcnosis as a result of acute infioromntion, spasm, edema, 

or scarring and fibrosis. 

2.24 PROSTAGLAND1N 

The prostaglnndins nrc a group of hormone-like lipid compounds that an: derived 

enzymatically from fatty acids and have imponant functions in the animal body. E,-cry 

prostaglandin contains 20 carbon atoms, including a 5-carbon ring. They an: medi1\lors and

have a variety of strong physiological effects, such as reguloting the contraction and 

relaxation of smooth muscle tissue. Prostnglandins arc not endocrine hormones, but outocrine 

or parac:rinc, v.iuch nre locally acting messenger molecules. They differ from hormones ill 

1hat they are not produced ot a specific site but in many ploces lhroughout the hum� body.

Al · 
1 • the immediate vicinity of the site or their secretion (of so, their target cells arc prcscn in 

Proslllnlandins, together ,vith the thromboxaocs and"'hich there arc many). The o 

.d I r fall)' acid dcrivathes, o subclass of eicosanoid.ss>rostoc)clins, form the prostan01 c oss 0 

(G�g, 2001). 
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1.14.l History and name 

The name prosraglandln derives from the prostate gland. \Vhcn prostaglandin was first 

isolated from seminal fluid in  l 935 by the S\\'Cdish physiologist Euler, and independently by 

Goldblatt, it \\1\S belie, cd to be part of the prostatic secretions. (In foci. prostaglandins arc 

produced by the seminal vesicles). It was later sho\\11 that many other tissues secrete 

prostaglandins for various functions. The first total syntheses of prostaglandin F2a and 

prostaglandin E2 ,vcre reported by Corey in 1969, nn achie,ement for \\hich he ,w.s awurdcd 

the Japan Prize in 1989. ln 1971, i t  \\1\S determined thnt aspirin-like drugs could inhibit the 

synthesis of prostaglandins. The biochemists Sunc K. Bergstrom, Bengt I. S:unuclsson and 

John R. Vnnc jointly received the 1982 Nobel Prize in Physiology or  Medicine for their 

research on prostnglandins (Fabre ct al .• 2001). 

l.24.2 Diosynthcsis 

L Diosyntbciis of eieo anoldJ 

Prostaglandins ore found in most tissues and orgnns. They nrc produced by almost n.11 

nucleated cells. They ore outocrine and parocrine lipid mediators that act upon platelets. 

endothelium, uterine and most cells. They 3l'C S)11thcsiz.cd in the cell from tbe essential fntty

ac:ids (EFA.s). /\n intermediate orochidon1c acid is crc:ucd from dioc)'lgl)cerol ,in 

phospholipasc-A2, then brought to either the C)Clooxygcnnsc patb,,11y or the lipoxygcnnsc

1h • 1 d"n and tbromboxane or leul.otrienc rcspccthely (figurePl "11Y to form either prostag on 1 

ll) -..v1 ccs tbromboXllllc, prostftt)-c:lin ond prostAglondin D,· The cyclooxygcnnsc p;ithwoy .,..,..u 

E c"-n.me pnth,voy is octi,e in lcukoc) tcs ond in and F. Altemnti,cly, the hpoxygcnMC ·-J 

(G ng 2001 Gross ct al, 2007)
llllcroJ)h:lgcs and synthesizes leukotncncs 000 ' 
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Figure 13: Diagram of biosynthcsis of prostnglandins (Nicolaou and Sorensen, 1996) 
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2.24.3 Cyclooxygenas«:! 

Prosl.oglandins arc produced following the scquentinl oxidation of AA, DGLA or EPA by
cyclooxygennscs (COX-I ond COX-2) and tcnninal prostnglandin synthascs. The classic
dogma is ns follo,vs: 

• COX-I is responsible for the baseline levels of proslllglandins.

• COX-2 produces prostaglandins through stimulation.

However, ,vhilc COX-I nnd COX-2 are both located in the blood vessels, stomach and the

kidneys, prost.oglandin levels arc increased by COX-2 in scenarios of inflammation and

gro,vth.

2.24.4 Prostaglantlln E synthase 

Prostaglandin E1 (PGE2) is generated from the action of proslllgllllldin E synthnscs on 

prost11glandin H2 (PGI Ii). Several prostaglandin E syntho.scs have been identified. To date, 

microsomal pros1aglandin E synthase-I cn1crgcs n.s n key enzyme in the fonnntion of PGE1•

Terminal prostaglnndin syntbascs 

Tcrminnt prostaglandin syn.thn.ses hove been identified that ore responsible for the formation

of other prost11glandins. For example, hemntopoictic and lipocolin proslllgllllldin D synthn.scs

(hPGDS and IPGDS) are responsible for the formation of PGD2 from POH2• Similarly,

Proslllcyclin (POii) syntho.se (PGls) converts PGH2 into PGh. A thromboxMC synthn.sc

CTxAS) hos also been identified. Prostnglandin-F synthase (POFS) cntnlyzes the fonnolion of

9a. l lP-PGF2o,II from PGDi and POF2o from PGH2 in the presence ofNADPII. Tius enzyme
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has recently been crystallized in complex with PGD2 and bimotoprost (a synthetic analogue of 

PGF14 (Fabre et al., 200 I; Ganong, 200 I). 

2.24.S Functions of ProstAglandins 

There are currently ten k:no,vn prostnglnndin receptors on various cell types. Prostaglandins 

ligotc n sub-family of cell surfoce scvcn-trunsmcmbro.nc receptors, G-protein-couplcd 

receptors. These receptors arc tcnncd DP1•1, EP1.,., FP. fP1•1, nnd TP, corresponding to the 

receptor thot ligates tlic corresponding prostaglandin (e.g., DP,.1 receptors bind to PGDi). 

The diversity of receptors means thot prostoglnndins act on nn nrroy of cells nnd have a wide 

vnricty of effects such ns: 

• cause constriction or dilation in vascular smooth muscle cells

• cause aggregation or disaggregation of platelets

• scnsitiz.e spi011I neurons to pain

• induce labour

• decrease intraocular pressure

• regulate innamnu1tion

• regulate calcium movement

• regulate honnones

• control cell growth

• acts on thcrrnorcgulatory center of hypothnlamus to produce fever

I lus of the kidney to increase glomcrular filuution rate• acts on mcsangial cells in the g omcru 

'oh'b' cid secretion
• IM:ts on p:irict.nl cells in the stomach woll to 1 1 11 a 

'brain masculini1J1tion (in rats). 
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Ptostaglnndins arc potent but have a short half-life before being inactivated and excreted. 

Therefore, they send only pllrUCrine (locally active) or autocrinc (acting on the same cell from 

which it is synthesized) signals (Fabre et al., 2001; Ganong, 2001, Gross et al., 2007). 

l.24.6 Types of Prost1gl1ndins

The follo,ving is n comparison of different types of prosuiglandin, prostacyclin IJ (PGIJ),

proslaglandin E2 (PGE2), a.nd prostagl.llldin Fi. (PGF?Q). 

Type Receptor Receptor type Function 

1. PGl1 IP Gs

• Vasodilation

• inhibit plntclct aggregation

• Bronchodilnlion

b. PGEi

EP1 Gq 

• Bronchoconstriction

• 

• GI tract smooth muscle controtuon

EP1G, 

• Bronchodilation

• GI tract smooth muscle rcloxotion

• Vasoditolion
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EPJGl 

• l gDSlric ocid secretion

• t gDStric mucus secrelion

• u1crus con1roc1ion (,vhen prcgnnn1)

• 01 tract smooth muscle conlrllelion

• lipol)'SiS inhibition

• t 11u1onomic neuro1mnsmi11crs

• t pl111clc1 response lo their agonists and t nlherolhrombosis in \'ivo (Fabre tt al., 2001).

c. PCF2. FP Gq

• uterus conlrnction

• bronchoconstriction

l.24.7 Role lo pharm11colog)'

Inhibition 

Examples or prostnglnndin nntogonists arc: 

• NSAIDs (inhibil cyclooxygcnosc)

• Conicostcroids (inhibil phospholip:isc A1 produe1ion)

• COX-2 selective inhibitors or coxibs

, 1 le in Inhibiting inOnn1m111ion
• Cyclopcnlcnone prost11glond1ns moy P oy II ro 
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Functions or the lsororms or COX 

The adherence of neutrophils lo lhe vnscular endolhclium within lhe gastric microcirculation 

have been reported to contribute 10 lhe generation of mucosa! injury by suppressing lhe tonic 

produclion of PGs such ns prostacyclin (Wallace ti al., 1990, t 991, 1993) while 

prostaglandins derived from COX-2 have been reported 10 contribute to mucosa! defense

(Grcl2.Cr ti al., 1998). In 01her studies, Cclccoxib hove been reported to elicited significant 

leukocyte adherence in mcscntcric vessels os compared to thot obtained ,vith indomethacin 

(McAdam et al., 1999; Catello-Lo,vson et al., 1999). \Vollocc ti al., 2000, in nnothcr study 

rcported that COX-I inhibition results in reduced gastric blood no,v, ,vhcreos COX-2 

inhibilion lends to increased leukocyte adherence to the vosculor endothelium. This may 

accounl for lhc gastric domoge induced by the combination or SC-560 and Celecox.ib. The

authors olso investigated the functional roles of COX isofonns in the gastric mucosa, sho,ving 

that COX- t dependent prostoglandins ore involved in the maintenance or mucus/bicarbonate 

secretion and blood now, ,vhile COX-2 protects the mucosa from lcucocyte endothelial 

adhesion nnd supports epithelial rene\\111. Furthermore, COX-2 induced in ulcerated &D,Stric 

mucosal is involved i.n the defense nod repairing mcchonisms or the mucosa 11nd that its

inhibition by a selective COX-2 inhibitor delays ulcer healing. ln hun1on stomach, COX-2 is

exclusively expressed in gastric mescnchym11l cells such os fibroblasts 11nd in in011mmotory

cells or the ulcer bed and margins, suggesting that COX-2 expressed in mescnch)'innl cells at

the ulcer margin ploys a key role in the ulcer repair process (Miura ct al., 2004).
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l.24.8 Clinical uses 

S)11thetic proslaglnndins are used:

• To induce childbirth (parturilion) or abortion (PGE2 or PGF2, with or without mifepristone,

D progesterone antngonis1) 

• To prevent closure of patent ductus nrteriosus in nc,vboms with particular cynnotic hcnrt

• To prevent nnd trcnt pcplic ulcers (PGE)

• As n vosodilalor in severe R.nynnud's phenomenon or iscbcmin of a limb

• 1n pulmonary hypertension

• In trentmeot of glnucomn (ns in bimatoprosl ophthalmic solution, a synthetic pros1amide

analog ,vith ocular hypotcnsivc activity) 

• To treat erectile dysfunction or io penile rchDbilitation follo,,ing surgery (POE, as

alprostndil). 

• To treat egg binding in smnll birds

• A$ an ingredient in eyelash and cycbro,v gro,vth bcnuly products due 10 side effects

associated ,vilh increased hair gro,vth (Fobre ti al., 2001). 

2.2S ANTIPSYCIIOTICS 

Antipsychotics olso kno,vn ns ncurolcp1ics or mojor tn1nquilizcrs (Cubcddu ti al. 2009) arc a

class r h' . d' · n'mnrily used to mnru1ge psychosis (including delusions.o psyc 1n1nc me ,couon P 

1..-11 · · . d d th I I) in ... �r1iculor in schlzopltrcnio and bipolor disorder, and
'lil uc1no11ons, or d1sor ere ouw 1 , 1-· 

•- · . . . th nnn,.ement or non-psychotic disorders. From �1oby's... � 111crcas1ngly being used 1n c m---., 

M d' . . 1 tic originotcs from the Gree!.. \\1>rd '\i:upov", neuron
c •cal D1cuonary, the ,vord ncuro ep 

("nerve") and lcpsls ("seizure" or "Iii").
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2.25.1 lllslory 

The original nntipsychotic drugs were discovered lnrgely by chance nnd then tested for their 

effectiveness. The first. chlorpromnzine, ,vas developed as a surgical anaesthetic. It was first 

used on psychiatric patients because of its powerful calming effect; at the time it wns 

regarded as a non-pennnncnt "phannacological lobotomy• (Pieters and Majerus, 2011). 

Lobotomy at the time ,vns used to treat many bchnvioural disorders, including psychosis, 

nlthough its effect ,vos to markedly reduce behaviour and mental functioning of nil types,

Ho\\-ever, ehlorpromazine proved to reduce the effects of psychosis in a more effective and 

specific manner than lobotomy, even though it ,vus kno\\n to be capable of causing severe 

sedation. The underlying neurochcmistry involved has since been studied in detail, and 

subsequent antipsychotie drugs hove been discovered by an approach that incorporates this 

sort or infonnation. 

The discovery of chlorpromozine's psychoactive effects in 1952 led to greatly reduced use of 

restraint, seclusion, and sedation in the m(UU!gcmcnt of agitated patients (Pieters Md Majerus, 

2011}, and also led 10 further research that resulted in the development of antidepressants, 

anxiolytics, and the majority of other drug.s no,v used in the management of psychiatric

cond·u· 1 1952 H · Laborit described chlorproma2ine only as inducing indiffe,rcnce1 ons. n , cnn 

to,. _ _._ hn h · und them in non-psychotic, non-manic patients, n.nd Je:in""''-U ,v t \\115 oppcn1ng nro 

"'·1 . . d 'bed ·t ns controlling manic or psychotic ogi101ion. The former= ay and Pierre Dcruker escn 1 

1 • • 
1 "o aoitolion in anyone, and the loller tcwn claimed toc aimed to have discovered a trcatmcn 11 r • 

ha. . h . 'llness (Healy, 2005). Until the 1970s there \\'BS,e discovered a treatment for psyc ouc 1 

1 ppropriote term 10 use to describe the ne,v considerable debate within psychiatry on the n,os 0 
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drugs (King nnd Vorugnnti, 2002). In the late 1950s the most widely used tenn was
•ncuroleptic", follo\ved by  "major tranquilizer'' and then "otaraxic" (King ond Voruganti,

2002). The first recorded use of the term tranquilizer dates from the early nineteenth ccnrury
(Tranquillizer, 1989). In 1953, Yonkmon, n chemist at the Swiss bnscd Cibaphannaceuticnl
company, fust used the term trnnquilii.cr 10 differentiate reserpine from the older sedatives

(Henly, 2008). The \Vord neuroleptic was derived from the Greek: "vciipov"(neuron,

originally meaning "sinc\v" but today referring 10 the nerves) ond ").oµl}ovCll" (lnmb3n0,

meaning "toke hold of'). Thus, the ,vord means talcing bold of one's nerves. This may refer 10

common side effects such as reduced activity in genernl, as ,vcll ns lethargy and impaired

motor control. Ahl1ough tl1ese effects ore unplcnsont nnd in some cases honnful, tlley were at 

one time, along ,vith akothisin, considered a reliable sign that the drug ,vns ,vorking (Pieters 

and Majerus, 2011 ). The term "alaroxy" ,vas coined by the neurologist llo,,'IU'd Fabing ond 

the classicist Alister Cameron to describe the observed clTect of psychic indifference and 

detachment in patients treated ,vith chlorproma2.ine (Owens ond Cunningham, 1999). Th.is 

tenn derived from the Greek adjective •uropa ... -roc;" (atarak1os), means "not disturbed, not 

excited, ,vitllout confusion, steady, cnlm" (King 1U1d Vorugonti, 2002). In the use of the terms 

"tranquilizer" ond "atarnctic", medico! practitioners distinguished bet\vccn the "major

lr.lnquiliurs" or "major atarnctics", ,vhich ref med 10 drugs used to t.n:nl psychoses, and the

•m· ·i· " • · ntnroctics" \Yhich refcm:d 10 drugs used to ll'CDI neuroses1nor 1ronqu1 1u:rs or minor , 

((Kj · 002) Wb'I popular during the 1950s, these terms arc infrequentlyng IUld Voruganll, 2 . 1 e 

d . b d ed . n favor of "anti psychotic", ,vhich refers to the drug'sII.Sc today. TI1ey arc being n an on 1 

,1 __ • • 2002) Todny "minor trnnquilizcr• can refer 10
"Qtrcd effects ((King nnd Vorugnnll, · ' 

benzodinzcplnes nnd nonbenzodinupincs. ,,hichlnx.iolytic nnd/or hypnotic drug, such o.s Ilic 
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have some antipsychotic properties and arc recommended for concurrent use with

antipsychotics. and are useful for insomnia or drug-induced psychosis (f asman, 1999). They

ore po,vcrful (and potentiolly addictive) scdotivcs. Antipsycbotics ore broadly divided into 

two groups, the typical or first-generation ontipsychotics ond the atypical or sccond

generotion ontipsychotics. The typical antipsychotics ore classified according to their 

chemical structure ,vhile the atypical anlipsychotics ore classified according to their 

phannacologicol properties. These include dopamine ontogonists and serotonin antagonists, 

mulli-octing rcceplor-torgctcd antipsychotics (MARTA, those torgeting several systems), ond 

dopamine partial agonists., which ore ol\en categorized BS atypical (Horoeek et al., 2006). 

First-generation ontipsychotics, kno,vn BS typical nntipsychotics, y,-cre discovered in the 

\950s. t.1ost second-generation drugs, kno,vn BS otypicol ontipsychotics, b11ve been developed 

mon: recently, olthough the first atypical ontipsychotic, clozopinc, ,vas discovered in the 

I 950s ond introduced clinicolly in the I 970s. Both generations of medication tend to block 

receptors in the brain's dopamine palh,wys, but otypicols tend to act on serotonin receptors BS

""II. The superiority of ontipsychotics 10 ploccbo in the treatment of schizophrcni11, bipolar 

disorder, and certain other psychiatric disorders is ,,1:11-cs111blishcd, but their efficacy is

suboptimal ond their use is associated ,vith importnnt side effects, most no1ably movement 

disorders and ,vcight goin (Fronkenburg el al .. 2013).

2.2S.l l\1rdical uses

Antipsychotics ore most (Kquently used for the follo,ving conditions :

• Sehi2.0phrcnio

ly in conjuncllon \\ith either o.n o.ntidcpressont
• SchizoolTective disorder n,ost comnion 
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(in the case of lhe depressive subtype) or a mood stabiliser (in the case of the bipolar

subtype). 

• Bipolar disorder (acute D'lllnia and mixed episodes may be treated with either typical

or atypical antipsychotics, although atypical nntipsychotics ore usually preferred.

• because they tend to hove more favourable adverse effect profiles (Lcucht ti al., 2009)

and, according to o recent meto-nnolysis, they tend to hove a lo\\-cr liability for

causing conversion from mania to depression (Goikolco el al., 20 I 3). 

• Psychotic depression. It is a common practice for the onending psychiatrist to

prescribe o combination of on otypicol anlipsychotic o.nd an Mtidepressant os this

practice is best supported by Lhe evidence (Taylor et al .. 2012).

• Treatment-resistant (and not necessarily psychotic) major depression os o.n lldjunct to

standard antidepressant therapy (Taylor et al., 2012).

1. Scbi7.ophreoia

Anti-psychotic drug treatment is n key component of schizophrenia treatment algorithms 

Reonunendcd by the Notional Institute of llenhh and CliniC11I Excellence (NICE), the 

American Psychiatric Association and the British Society for Psyehophannaeology (Bnmcs, 

201 \). The main effect of treatment ,vith antipsychotics is 10 reduce the so-cll!led "positive" 

nn.. · I d. d I · d hallucinations. There is little evidence 10 support lllly., .. ,ptoms, inc u 1ng e us1ons on 

sionlfi . f . hotic use on negative symptoms (such as apathy, lock of... u 1cant impact o an11psyc 
· f , t · social interactio ns) or on tho cognitive symptoms"1lohonal affect, :ind lock o 1ntercs 1n 

(d' b·t· t pion and execute tasks) of schizophrenia (Miyumo101sordcrcd thinking, reduced n 1 1ty 0 

tt of .• 2012). 
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Applications of antipsycbotic drugs in lhc treatment of schizophrenia include prophylaxis in 

those showing symptoms that suggest that lhcy � at high risk of developing psychosis, 

neatment of first episode psychosis, maintenance lhcrapy, ond treatment of recurrent episodes 

of acute psychosis (Barnes, 2011 ). 

b. Ocher uses of an tipsychotics

Besides the above uses, antipsychotics may be used for obsessive-compulsive disorder,

posttraumotic stress disorder, personality disorders, Tourclle syndrome, autism and agillltion

in those ,vith dementio (Moher and Theodore, 2012). Risperidone may be useful for obsessive 

compulsive disorder (Maher and Theodore, 2012). The use of lo,v doses of nntipsychotics for 

insomnin, \\•hile common, is not recommended as there is little evidence of benefit and 

concerns regarding adverse effects (Maglione ct al .. 2011; Coe ond Hong, 2012). Lo,v dose 

anti psychotics may o.lso be used in lrelltment of impulsc•behnviournl ond cognitivc-pen:eptual 

symptoms of borderline personnlity disorder (American Psychiatric Association and 

American Psychiatric Association, 2001). ln children they may be used in those with

disruptive behavior disorders, mood disorders ond pcrvnsive developmentnl disorders or

intellectual disability (Zuddns ct al., 2011). Anlipsychotics ore only ,vcakly recommended for

Toureuc syndrome as \\ell, though they ore effective nod side effects ore common

(Pringsheim ct al., 2012). The situotioo is simillll' for those on the autism spectrum

n,cPh 1 2011) Ri · done has been approved by the US FDA for tho t.rcatn1ent of, .. , ccters et a ., . spen 

irn'1ab·1· · . . I 'Id ond adolescents (Posey et al., 2008). Aggrcsshe chnllenging
I 11y ID aut1S11C C ll rcn 

bcha · . . , 11 nl d:·•bility is onen treated \\'ith ontlpsycholic drugs
v,our 1n adults Wllll 1ntc ectu ,.... 

despite lack of an evidence base.
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2.15.3 Typical vcnus atypical Anllpsyc:hollcs 

While the atypical (second-generation) antipsychotics were marketed as offering greater 

efficacy and reduced side cffcc-ts than typical mcdicntions this moy not be true (Geddes ti al.,

2000; Alexander er al., 201 I). One review concluded there Y.'Crc no differences (Horacek ti

al., 2006) , .. hile another (lcucht et al., 2003) found th:lt otypicals were •onJy moderately 

more efficacious (Horacek ct al., 2006). These conclusions Y.crc, hoY.-c-.cr, questioned by 

another reviC\v, ,,hich found lhot cloz.opine, omisulpridc, ond ol31W1pinc and rispcridone \la'CTC

more effective (Dovis ct al., 2003; Horncck et al., 2006). Mony rescan:hcrs question the first. 

line prescribing of atypicals over typicals, ond some even question the distinction berY.ttn the 

l\\'O �lasses (Owens, 2008; Fischcr-Bl.\micol, ct al., 2008; Poczynski tt al., 2012). ln contrast. 

other researchers point to the significantly higher risk of tllrdivc dyskincsio and 

cxunpynunidol symptoms with the typicals ond for this reason olonc recommend first-line 

treatment .,..;th the otypicnls, notwithstanding o greater propensity for mclllbolic adverse 

cffccu in the lllttCr (Casey, 1999; Meltz.er and Bobo, 2006). 

L Flnt-icncratlon (f)plcal 1otlp5>cbotlc) 

L 81tyropbtnooes

8cnpcridol (Angwl, Benguil, Frcnactil, Ghanimon) 

• Brompcndol (Oromodol. lmpromcn)

• Dropcridol (Orolcptan. IMpsinc)

• llalopcridol (Hllldol, Sercnacc)

• Ttm1pcrone (Cctman1I, Tolopclon)
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ii. Diphenylbutylpipcridine

• Fluspirilene (lmap)

• PenOuridol (Scmap)

iii. Phcnolhinzincs

Accpromazine (Plegicil) - mostly used in veterinary medicine.

• Chlorpromazine (Largnctil)

• Cynmemazine (Tercio.n)

• Dixyrnzlnc (Esucos)

• Pluphennzinc (Modccote)

• Lcvon1epromazine (Lcvinon, Nolinan)

• Pcrazinc (Pcragal, Pcrazin, Pemo.zinun1, Toxilon)

• Pcricyazi.nc (Nculactil, Neuleplil)

• Pcrpheno.line (Trilofon)

• Pipotinzine (Lonseren, Piportil)

• Prochlorpcrnzine (Compazine)

• Promethnz.ine (A vomine)

• Prothipcndyl (Oominol)

• Thiopropcrazine (Majeptil)

• Trifluoperazine (Stelo.zine)

Iv. Thlox11n1hencs

ChJorprothixene (Cloxon, Torncton, Truxnl)
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• Clopcnthixol (Sordinol)

• Flupentixol (Depixol, Flua.nxol)

• Tiotixene (Navane, Thixit)

• Zuclopcnthixol (Acuphasc, Cisordinol, Clopixol)(Baldessarini and Tarnzi 2001).
v, Disputed/Unkno\\'11

This ca1cgory is for drugs that hnve been called both firs! and second-gcncralion, dependingon the lilcrature being used.

• Cnrpiprrunine (Defektoo, Pmzinil)

• Clocapran1ine (Clofek100, Padrusco)

• Molindone (Mohan)

• Mosapmmine (Cremin)

• Sulpi.ridc (Meresa)

• Sultopride (Bnmclil, Topral)

• Vcralipride (Agrcal) (Baldcssarini and Tnrazi 200I).

b. Stcood-gcncrnlion (Atypical outipsycholic)

• Amisulpride (Solian)

• Amoxapioc (Asendin)

• Aripiprazole (Abilify)

• Ascnapioe (Saph.ris, Sycrest)

• Cloznpinc (Clozaril)

• lllonanserin (Lonnsen)
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• llopcridone (Fanopt, Fonapin nnd -, ... , previously known as Zomaril)
• Lurosidone (Latudo)

• Mclpcrone (Buronil, Buronon, Euncrpan, Mclpnx, Neuril)
• Nemonopridc (Emilnce)

• Olanzopinc (Zyprexo)

• Palipcridonc (lnvega)

• Perospirone (Lullan)

• Quctiopine (Seroqucl)

• Rcmoxipride (Roxiom)

• Risperidone (Rispcrdal). Used off-label 10 trclll Tourcnc syndrome ond lll\Xicty

disorder. 

• Scrtindole (Serdolcct, Scrlccl}

• Trimiprnrnine (Surmontil)

• Ziprasidonc (Gcodon, Zcldox)

• Zotcpine (Lodopin, Losizopilon, Ni pole pl, Setous) {Bnldcssnrini llfld Tora2.i 200 I).

l.25.4 l\1ech11nisn1 of action of 1ntipsycbotic drug1 

All antipsychotic drugs tend 10 block D1 rcocptors in the dopnminc poth\\11ys of the brain

CB:i!dcssnrini and Tarazi 200 I). TI,is means that dopamine relcased in these p:ithv,,;iys hllS less

effect. Excess release of dopamine in the mcsolimbic pathway hllS been linked to psychotic

CXpcritnccs. It has also been proven that less dopamine rcleosed ,n the prefronuu cortex in the

hfain, and excess dopamine released from oil other p:ith\\'llYS, has also been linked to

IIS)chotic experiences, caused by obnormnl dopruninerglc function ns o resull of p:iticnts
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suffering from schizophrenia or bipolar disorder. Various ncuroleptics such as haloperidol

and cblorpromazinc suppress dopamine throughout its path"11ys (Baldessarini and Tarazi 

2001). ln addition of the antagonistic effects of dopamine, antipsychotics (in particular

atypical neuroleplics) also antagonize 5-HTlA receptors. Different ollelcs of the 5-HTlA

receptor have been associated ,vith schizophrenia and other psychoses, including depression 

(Schmidt et al., 1995; McDol\3ld and l\lurphy, 2003). Higher conccnlrations of 5-HTlA

rcccptors in cortical ond subconical nrcas, in panicular in the right caudnte nucleus have been 

historically recorded (l\lcDonald and Murphy. 2003). This is the S3111e receptor that 

psychedelic drugs antagonize to various degrees, ,vhich cxpln.ins the correlation bcrn'CCD 

psychedelic drugs and schizophrenia (Amitnbhn, 2007). Typical antipsycbotics are not 

pMticularly selective ond also block dopamine receptors in the mcsocortieal path\\11y, 

tubcroinfundibular path\\11y, and the nigrosuiatal path\\'11)'. Dlocking 02 rcccp1ors in these 

other path\\'ll) s is thought to produce some un,\'llllled side effects tha1 the typical 

antipsychotics can produce (Baldess:uini and To.ro.zi 2001. They \\ere commonly cl11SSified on 

a spectrum of lo,v potency to high potency. \\'here potency referred to the ability of the drug 

to bind 10 dopatnine receptors, and not to the effcc1i,cncss of the drug. High-potency

antipsychotics such as hlllopcridol, in general, have doses of a fc,v milligrams and cause less
slccpiDC$$ and calming effects tb4n IO\\·polcncy antipsychotic.s such BS chlorpromazine and
,L, . _. __ , • f eral hun� milligrams. The latter hove a gre4teruuon\klLJnc, \\h1ch 1\3, e dosages o se, 

"--- . • . .h. · nc"'ic octh ity, which can coun1crnct dopaiuinc-
-11,1� of 11nttchohncrg1c and anu tslanll • o 

rtlatcd side-effects (Baldcswini and Tarazi 200I).

A . . .1 blocking effect on Dz receptors. ho,\-cvcr, most1Yl>ical antipsychotic drugs have a s1m1 at 
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also act on serotonin receptors, especially 5-HT 2A and 5-HT 2C receptors. 8olh clo1.apine and

quctiapinc appear lo bind just long enough lo elicit antipsycbolic effects but not long enough 

lo induce extra pyramidal side effects and proloclin hypcrsccretion (Stahl, 2003). 5-HT 2A 

onlOgonism increases dopnminergie activity in the nigrostriatal palh\\'DY, leading to a lowered 

cxtrapynunidal side effect li:ibility among lhe alypicol ontipsychotics (Slllhl, 2003; Gross and 

Geyer, 2012). 

l.25.S Antipsyebotic Forn,ul:ation,

AnlipS)chotic:s arc sometimes administered as p:irt of compulsory psychiatric treatment via 

inpatient (hospital) commitment or outpatient commitment. They m:iy be administered orall) 

or, in some cases, through long-:icting (depot) injections. 

l.25.6 Adverse effects

Antipsycbotics arc associated \\ilh a range or side elTccts. II is \\-Cll-rccognizcd th.at many 

people stop taking those (nround two-thirds e,cn in controlled drug trials) due in p:irt to 

ld,'ffle effects (Bellack, 2006). Common � I¾ and up to SO¾ incideooe for most 

antipsychotic drugs) :id verse effects of anti psychotics include

• Sedation (particularly common in p:nients on clozopinc, olo.nzapine, quelinpinc,

chlorpromozine and z.otepine (Lcuc:ht et al .• 20 I J).

• Headaches

• Dizziness

• Diarrltcn

• Anxiety
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• Extmpymmidnl side effects (particularly common in patients on first-generation

antipsychotics), ,vhich includes:

• AkaLhisin -on ofien distressing sense of iMer restlessness.

- Oystonin

- Pnrkinsonism

-Tremor

• Hypcrprolnctinnen,in (rare for those on clozopinc, quetinpinc nod nripiprazole (f aylor

et al., 2012; Lcucht et al .. 2013), ,vhich cnn cnuse:

• Gahictonhoca - unusunl secretion or breast n1ilk, Gynnecomostin, Sexual dysfunction (in

both sexes) nnd Osteoporosis 

• Orthostntic hypotcnsion

• Weight gain (particulnrly prornincnl in pn1icn1S on clompine, olnnzapine, quetiopinc

ond rotcpine (Lcucht ct al., 20 I)).

• Anticholinergic sidc-clTccts (common for ol001J1pinc, clozapine; less likely on

rispcridone (Licbcnnnn, 2004).

Rare/Uncommon (<I% incidence for most nntipsycho1ic drugs) ndvcrsc effects of

llltipsychotics include

. 1ocv1osis leukopncnin, nnd ncutropaenio). "hich as• Blood dyscrnsans (e.g., ogrnnu , · , 

more common in p:11icn1s on clo1J1pinc. 
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• Metabolic syndrome and othc bol" r meta 1c problems such as Type II diabetes mcllitus
- particularly common with 1 c ozap1oc, olanz.apinc and zotepinc. Evidence suggests
thot females are more sensitive 10 the Mbol" .d f1i me... 1c st e e ccts of first-generation

onlipsychotic drugs thon males (\Vcston-Grecn et al, 20 I 0).

• Ponereotitis (Koller et al., 2003)

• QT interval prolongation - more prominent in patients on nmisulpride, pimozidc,

scrtindole, thioridnzine and ziprnsidone (Taylor er al., 2012; Lcuchl et al., 2013).

• Seizures, ,vhich is particularly common in patients on chlorprornazine and clozapine.

• Thrombocmbolism

• Myocardial infarction

• Stroke

Some studies have found decreased life expectancy nssociatcd ,vith the use of ontip5>cho1ics, 

Ind argued I.hot more studies ore needed (Jouknman er al., 2006; \Vcinmann et al., 2009).

Antipsyehotics may also increase the risk of cnrly death in individuals ,vith dementia 

(American Geriatrics Society updated Deers Criteria for potentially iruippropriate mcdicntion 

USC in older adults, 2012). In individunls ,vilhout psychosis, doses or nntipsychotics con

produce the "negative symptoms" of schiwphrcnia such a.s amotivntion (Artnloytia er al,

2006). Antipsychotics typicnlly ,vorscn symptoms in people '"ho suffer from 

depersonalisation disorder (Medford t!t al., 2005). 

'· Other adverse effect, or antlpsyc:hotics

t � - . 1 ban"CS over time ore observed in-of grey matter ond other bnun structuru c 0 
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schimphrcnia. Meta analyses of the effects of BDlipsychotic trcatmcnt on the course of grey
matter loss and structural changes have reached conn· ... :ft I · A ---• · 1 ..... ,g cone us,ons. meta· ..... ysas

conducted in 2012 made a conclusion that grey matter loss is greater in patients treated "ith 

first generation antip5>chotics compared to those treated with atypicals, and hypothesized a 

protective effect of ntypicals as one possible explanation (Vila ti al., 2012). A second me14· 

analysis suggested that treatment with anlipsycbo1ics ,vas nssociated with increased grey 

matter loss (Radua ti al .• 2012).

1.26 RJSPERIDONE 

Rispcridonc is l1Jl Mlipsychotic drug having anxiolytic activity that is used 

lo treat schizophrenia (including ndolcsccnt schizophrenia). schizonffeclive disorder, the 

mixed and manic states of bipolar disorder, and irritobility in people ,vi1h autism. It is nlso 

used to ueat delusional ps)chosis ond P5>cho1ic depression (lshida-Tokuda ti al., I 996). 

Rispcridonc is a second-generation atypical onlipS)chotic (figure 14). It is a dopamine 

antagonist possessing nnti-scrotoncrgic, onti-odrcncrgic ond onti-hist:unincrgic properties. 

Adverse effects of risperidone include signilicnnl \\-eight gnin and metabolic problems such 

IS diobctes mellitus t)pc 2. as \\ell as tardi,c, dyskincsia ond neurolcptic malignant 

S)lldrome. Risperidone ond other 110tipS)•chot1cs also incre:isc the risk of death in people ,vith

dementia. 

The drug was developed by Jonsscn-Cilng, subsidiary of Johnson & Johnson. from 1988-1992

IS 1111 • the · -• u·pe\,-cbotic and first approved by the FDA in 1994
unprovement from typ11,;Gl an -, 

Out ., 1 . 1994) It is on the \Vorld Health Organization's List of
p., \\-eb. archive. orr/ ,., .cb, 

�--- · . cdicntion needed in o basic health system.
�hal Medicines, o list of the most important m 
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Risperidonc undergoes hepatic metabolism and renal excretion. Rispcridonc has been

classified as 8 "qualitatively atypical" antipsycbotic agent with a relatively low incidence of 

exuapyrnmidnl side effects (,vhen given at low doses) that has more pronounced serotonin 

antagonism thnn dopamine antagonism. It has actions nt several 5-HT (serotonin) receptor 

subtypes. These arc 5-HT 2c, linked to \\'Cight gnin, 5-HT lA, linked to its antipsychotic action 

and relief of some of the extropyramidal side effects experienced ,vith the typicnl ncuroleptics 

(Brunton ti al., 2010). They found that 0-amino ocid oxidase, the enzyme that cnllllyses the

brcakdo\\1l of 0-nmino acids (e.g. 0-nhuune and 0-scrine - the ocurotrnnsmitters) is 

inhibited by risperidone. 

lJ6.l Risperhlone acts on the folio" i.ng Receptors 

L Dopamine receptors 

This drug is nn nnlngonist of the 01 (01, nnd 01) ns ,veil ns the 0, fomily (D,, DJ nnd D,) 

receptors. This drug bns "light binding" properties, ,vhich means it bn.s o long hnlf-life and 

I"· th · h t· ·s-n'donc blocks the mesotimbic p:ith\\"llY, the prefronl41 cortexi..e o er anupsyc o 1cs, n ,--

limbic p:tth\\-oy, and the tuberoinfundibuh1r p:ith,\'llY in lhc centrul nervous system. 

o:........:d · d tropyrnmidal side effects, okothisio ond 1remors, associated "'ith ·=1"'" one mny 1n uce ex 

diminished dopaminergic activity in the striatum. 

b. Serotonin receptors

'ble for its lower c.xtrnpyromidnl side effectIts action ot these receptors may be responsi 

. . ·cd ncgou,'C symptom control comp:ired to
liabtlity (via the 5-HT lMC receptors) ond ,mprov 

. . for insl.llDU, Its antagonis1ic actions at the 5-HT lC
l)1>1ta1 nntipsychotics such as hnlopcnd01 

. ight gain liability.
l!icq,tor may account., in part. for its"' 

•
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Figure 14. Chemical Structure ofrispcridonc (Bnldessarini nnd Tarazi, 2001).
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c. Alpha a1 adrenergic receptors

This action accounts for its onhostatic hypotensivc effects and perhaps some of the sedating

elTccts of rispcridone. 

d. Alpha «z adrcnergic receptors

Perhaps greater positive, negative, affective nnd cognitive symptom control (Hecht and 

Landy, 2012). 

t. Histamine 11 1 receptors

Effects on these receptors account for its scdotion nnd reduction in vigilance. Though this 

medication possesses similar effects to other typical and otypicnl nntipsychotics, it docs not 

possess nn affinity for the muscarinic occtylcholinc receptors. In many respects, this 

medication can be useful ns "occtylcholinc reh:asc-promoter" similar to gnstroinlcstinnl drugs 

such as mctoclopmmidc ond cisopridc. H1 receptor o.ntogonisls and protoo-pwnp inhibitors

att currently used Mli-ulcer drugs. 
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CHAPTER THREE

3.1 l\tATERlALS AND METflODS 

Feeds, Sensitive ,veishlng bnlanc�. Dissecting set, Animal cages, Lnborotory glass\\-arc,

Collon ,vool, Plnin specimen bottles, Petri dishes, Syringes, \Vistcr rots, Spectrophotometer

(Perkin Elmer UV visible spectrophotometer Lambda 38), Operating tnblc, beakers, Conic:41

flasks, \Vatcr bath, Olympus optical microscope, Homogenizer, modified Langcrdolf 

apparatus. 

3.2 CHEl\11CALS 
3.l.l Drugs/Chcmie11ls/Rc11gcnts 

Rispcridonc (Jinng.su Suzhong Hnixin Pluum CO, Chino), Histamine ocid phosphate (Sigmn

Aldrich. St Louis MO), Kcuunine H)·drochloridc (Rotc,uncdic11, Trit111u, Germany), 

Carbam) lcholinc chloride (C11rbncol: Sigmn· Aldrich MO), Pcnlllgaslrin (Sigma Aldrich),

Zinc Chloride (Sigma- St Louis, MO), lndomethncin �!SD), SC- 560 (Snntn Cna

Biotechnology. USA) n.nd Cclcbrcx (Cclecoxib Pfizer, Germany), Trichloroacetic acid,

�1agncsium chloride (Sigma- St Louis. MO), Sodium chloride (Sigma- St Louis. MO).

H)drochloric acid (Sigma- St Louis, MO), Thiob:irbituric acid (Sigma- St Louis, MO),

Alcian blue, Sodium occllltc(Sigma- St Louis, MO), Diethyl ether (Sigma- St Louis, t-.10),

Sodium hydroxide (Sigma- St Louis, MO). Chcmicnls and reagents \\'ffl: of anal)tical

Brade. 
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3.3 SOLUTIONS 

Distilled water, 0.90/4 normal saline, magnesium chloride solution, sucrose solution, sodium 

acetate, Alcian blue solution, hydrochloric ncid, 0.0025N Sodium hydroxide, Diethyl ether, 

thiobarbituric ncid (0.75%), trichloroacetic acid (300/4), 100/4 formalin, histamine acid 

phosphate, t•/4 phenolphthalein solution, 40 mg/ml indomethacin, pcntag.aslrin, carbachol. 

3.3.l Preparation or Stock Solutions and Rea gents 

(a) Nonnal saline: the solution ,vas prepared by dissolving 0.9 g sodium chloride in I 00 ml or

distilled \\'Iller. 

(b) O. t M Alcinn blue solution: The solution \\'llS prepared by first dissolving 0.1 g of Alcian

blue in I 00 ml of distilled ,voter, nod lhc rcsuhllllt solution \\'llS dissolved in 0.16M sucrose 

solution. This \\'llS then buffered \\ith O.OSM sodium ncclatc nnd then adjusted to a pH of 5.8 

using hydrochloric acid. 

(c) 0.16M Sucrose solution: 11,e solution ,vo.s prepared by dissolving 5.47g of sucrose in 100

ml of distilled \\'llter. 

(d) 0.25M Sucrose solution: It ,vos prepared by dissolving 8.55g of sucrose in 100 ml of

dislillcd \Wier.

-·.-1 by dissolving 0.4g of sodium ocetate in(c) 0.0SM Sodium ncctnte solution: It was prc.-�-

l00 ml of distilled ,voter, 

. -�-i by dissolving 4.75g of mngncsium chloride in
(f) 0.SM Magnesium chlonde: It \\'llS P1"1""-

100int of dis111lcd ,voter.
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(h) 5 mg/ml indomelhacin: It was prepared b d' 1 . Y 1sso v1ng 25 mg of the drug in  S ml of 
distilled ,vatcr with 2% sodium carbonate. 

(i) 0.0025N sodium hydroxide: The stock solution \\'ilS prepnrcd by dissolving 4g of sodium

hydroxide (NaOH) pellets in I 00 ml of distilled 'willer. From this stock solution, I ml ,vas

taken 111\d made up to 400 ml ,vith distilled ,vnter to got the required concentrution of t/400M

(0.0025N). 

G) I o/o phenolphthalein solution: Obtained by dissolving I mg of phenolphthalein snit in so ml

of absolute alcohol. Aficr the dissolving of the snit, 50 ml of distilled \\'Utcr \\'US added to !he

solution.

3.4 CIIOICE OF ANlrttALS

A totol of three hundred and thirty·f\\'O (336) ndult mole \Vister rots of ,vcights bet\\1?Cn t 80-

210 gran,s \\ere used for this ,vork. The choice of mnlc rots ''1lS to mllinlllin o fairly construit 

physiologiail condition, as gastric acid secretion does vary ,vilh oestrous cycle in fcmrue rots 

(Amurc and Omole, 1970). The nnimrus \\-ere purchased from the Ccntrul nnima.J house, 

College of Medicine, University of Ibadan, Nigeria ond housed in o clcnn, well-ventiJotcd 

room (2S°C) and mainlllined under standard condition (12 hours light and 12 hours darkness).

The animals ,vcrc allo,vcd to occlimotize before the study con1mcnccs. They ,vcrc fed ,,ith

commercial rot cho,v obtoined from Ladokun Li\'cstock Feed Limited, Ibadan Oyo State

Nigeria ond ,voter ,.,.as provided ad libitum. The study ,vns conducted in accordance \\ith !he

Or&aniution for Economic Development (OECD) guidelines on good loborotory practice

(2001) d . . f I bo t ry onimol caro" (NIH publication No. 85-23, revisedon the "Jlnne1ples o o ro o 

1985) were followed. 
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3.5 PRETREATMENT OF ANIMALS AND GROUPINGS 

Rispcridone was administered orally 01 vari d ous oses as reported by Saxena ond Singh,

(2011) for 21 doys. Six different studies were 'cd d cam out an eoch study has four (4) sub-

groups of eight (8) animols as listed below: 

Group I • Distilled ,wter (Control) 

Group 2 = risperidone (0.1 mg/kg) 

Group 3 "" risperidonc (0.Jmg/kg) 

Group 4 • risperidone (0.Smg/kg) 

3.6 EXPERIMENTAL DESIGN 

The \\'Ork ,vas designed to evoluote the Mti-gostric ulcer effect of risperidone and its 

mcchnnisms of oction nnd ,vns divided into six mojor studies; 

I. To investigate the aceloimed onti-ulccr effect ofrispcridonc using different ulcer models;

Water immersion-restraint stress (\VlRS) - , lndomcthncin- ond Starvation- induced gastric

ulcer.

2. To determine the crTcet of rispcridone on baso.l and maximal gastric acid secn:tion using

three agonists namely histamine, pcntagostrin (gostrin) ond C4fbnchol (acctylcholine).

l. To examine the go.stroprotecti\ie activity ofrispcridone by determining Its effect on gastric

"'Uc:us SCC:n:tion and gastric mucus cells counl.
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4. To determine the effect of rispcridone on indomethacin, cyclooxygenase inhibilon (SC •

560 and Celecoxib) induced sostric ulceration.

S. To delenninc the nntioxidnnt status of rispcridone on 1rcn1cd animals by mcasuring

malondialdehyde (MDA) concentrntion. 

6. To determine the histological changes due lo lhe effect of rispcridonc on gastric mucosal

cells. 

3.7 ANIMAL GROUPINGS, TREATl\tENT, AND PROCEDURES 

3.7.1 Effect of rispcridonc on induced gastric ulccrution 

A lolnl of thirty t,vo rats ,vere used for c.ich ulcer study model. The nnimnls in c.ich study 

model ,verc divided into four sub-groups of eight rots and treated for 21 days ornlly on n doily 

basis. Group I ,vas the control nnd \\'as treated ,vith distilled ,voter. Groups 2, 3 and 4 ,verc 

lrealcd \\'1th rispcridone doses of 0.1 mg/kg, 0.3 mg/kg, 0.5 mg/kg orally respectively (Snxcnn 

and Singh, 2011 ). Afier the trentment period !he gastric ulcero1ion studies ,vcrc carried out 

scixuutcly. Three cxpcrimcnu1l ulcer models ,verc used: 

a. Water immersion restraint sucss (\VTRS) -induced ulcers

b. lndomcthncin • induced ulcers 

c. Starvation • induced ulcers.

\ I d d {\VIRS) ulcer
1• ¥attr Immersion rcstnalnt stress· n ucc 

Af\ . 1 . fasted for 24 hours and eoch pl need in n restraint
tr the trcn1ment period, the nn1mn s y,crc 

,._ , . . hold process in n 22°C ,voter b.11h for 17 hours
""Vite. The animnl ,vns immersed up IO 115 x,p 
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(Byun tJ al., 2007). Afier 17 hours, the animals \\'CT'C sacrificed by cervical dislocation. Their
stomachs \\ere removed, opened by cutting along the whole length of the greater curvature,
nimcd inside out and then pinned to a cork maL This \\-OS moistened wilh normal saline 10
prevent au1olysis. Macroscopic examinations of the wnshed stomachs were carried out using a
magnifying hand lens ,vhilc assessment of gastric mucosa! lesion v.-os carried out according to
the method of Desai et al., 1999 as stated bclo,v:

Scoring 1'1cthod used: 

Ulcer score Criteria 

0 no ulcer 

I • Superficial mucosa! erosion

2 • Deep ulcer or tranSmurol necrosis

) • Pcrforoted or penetrated ulcer

b. lndomctbacin- induced gastric ulceration

nl b t allo\\'Cd free access to \\-atcr. The method of The animols ,,-ere fasted for 24 hours o Y u 

. d thot described in prc,ious \\'Ork.s (Nj11r indomcthacin induced gastric ulccrotion °d0P1c "'115 
. 1 4o mgfkg 8\V (�1erck, Sharp &. Dobme, fl al, 199S; Oluw·olc et al, 2008). lndometh:lcin ° 

I oil the animals in all the groups. After 4 hours. Canada) was administered subcuumeous Y to 
. . Their stomachs \\'Crt rcmo,cd, opened b)the . . b ·��I d1slOCDllOO. anunals were sacnliccd y cervi .... 

. 
f h nn'!l(Cf CUf\'llturC, rurned inside out and then pinned to aClllttng along the '"hole length o I e .,,,.-
. nl so line to prc-.cnt auto!) sis. The method used for� Rial This wus moistened ,Vlth norm 
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o.sses.smcnt of the degree of gastric ul ceration wns that of Alphin and \VOid (1967) os

modified by Elcgbc and Brungbosc (l 976) M · acroscop,c exnminations of the wushed

stomnchs were co.rried out with a magnifying hand lens.

The ulcer scoring systcn, used ,vas as follows:

0 • Normal Stomach 

0.5 • Punctuate hncmonhage or pin point ulcers 

1.0 • T,vo or more hnemonhngic ulcers 

2.0 • Ulcers greater than 3 mm in diruneter 

Mean Ulcer Score • Total Ulcer Score 
n 

\\here n • number of rots 

c. Stan•ntion - induced ulccrntion

The llllimals ,vcre deprived of food for 6 days ,vithin the 21 days pretreatment period but hod

occcss to \VDtcr ad llbl111111. On completion of 6 days food dcprivntion, the animals ,,·ere

sacrificed by cervical dislocation. Their stomochs were removed, opened by cutting along lhe

\\hole length of the greater curvature, turned inside out and then piMed to  a cork mot. This

""aS moistened ,vilh normal saline 10 prevent outolysis. The method used for ulcer assessment

of the degree of gastric ulceration ,vos that of Elcgbc ll!ld Brungbosc ( 1976). �locroscopic

CXaminotions of the \VOShed stomachs ,vere carried out ,vith a magnifying hand lens. The

ulcer scoring system used was as follo""s:
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Scoring procedures for Starvation. induced ulcers

Ulcer score 

0 

I • 

2 -

3 • 

4-

Criterio 

Nonnal stomoch, no ulccrotion

Focal ulceration of Prut or ,vholc of mucosol surface not more thnn one lesion 

seen. 

Ulcers occur frequently 

Subtotol necrosis nnd ulceration ,vhere only musculnris extemol ,vas spored 

Necrosis ,vith octuol perforation. 

[Prcliminruy study hod corlicr sho,ved measuroblc ulcer lesions occurring on dny S \\hile 

some onimnls died by doy 7 of slll.rVlltion. I lov,ever, no recorded de.1th on dny 6 ]. 

3.7.2 ECTcct of rupcridonc on bnsnl nnd bistnmin�induccd gaslric 11dd secretion.

The oo.sol acid secretion nnd the mo.ximnl ocid sccrc1ion \locre mcnsurcd. A 10111' of thirty 1,vo

1111s \\-ere used for this study. TI1ey ,vcre divided into four groups of eight rats ond trcnled for 

21 dnys orally on O daily basis. Group I ,vas the control and \\.JS trcotcd ,,ith distilled \\'liter. 

Group 2. Group 3 nnd Group 4 \\Crc ircotcd ,vilh risperidonc ot doses of 0.1 mg/kg, 0.J mg/1,.a,
O.S mg/kg orolly respectively (Soxeno and Singh, 201 l).
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1. Preparation of anaesthesia

Urethane granules \Vere obtained frQm lb o e epartment of Physiology of the University ofIbadan. 25 g ,vas weighed out and dissolved in 100 ml of disliUed "''Iller 10 give 11concentration of25% ,v/v urethane. 

Concentration = mass ==
Volume 

22 g _ = 0 .25 g/ml ""0.25 x I 000 • 250 mg/ml100 ml 

The volume of solution to be ndministered = Dosage vnJuc 
Concentrnlion 

• I 50 mg/I OOg
250 mg/ml

• 0.6 mVI OOg.

Therefore, 0.6 ml  of0.25g/ml of urelhone ,,•ns administered per IOOg \\•eight ofan animal.
b. Preparatio n and the dosage value of hlsrnminc

A. stock solution of histamine \vilh concentrotion of 20 mg/ml '''BS constituted from the
laboru1ory of the Deportment of Physiology, University of Ibadan. The required dosage
cattier rcponcd ,vns 50 mg/kg (111ompson el al, 1967). 

Calculating, 

I rnJ from the stock solution ,vns mixed ,vith 9 ml of distilled ,voter 10 give 2 mg/ml

Therefore, c-0ncen1rntion bccon1cs 20 mg/lOml • 2 mg/ml
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Dosage to be odminjstercd = 50 mg/kg,,. 5 mg/lOOg.

The volwne of the above solution to be given= Dosage value
Cooccntration 

= 5 mg/lOOg 
2 mg/ml 

• 2.5 ml/lOOg.

Therefore, 2.5 ml of the 11bovc solution of hisuunine ,vith O concentration of 2 mg/ml wns

administered 10 each rat of I OOg of \\'CighL 

c. Surgerlcal procedure for GAS collection

The onimnls ,vere tied to the dissecting bonrd oficr Wlllesthesin. An incision ,vns mndc in the

upper pan of the trachea nnd cnnnuloted. This ,vus to ensure thnt the oir\wy ,ws clear. Mucus

was removed from the ninvny using o moist cotton \\'OOI. A siz.c 3-cnnnuln from the modified

lnngerdotT opp:uutus ,vns pnsscd into the esophagus, core being token not to puncture the 

csophngcnl ,van. The cannula \VIIS push until it could be felt in the cardiac region of the 

stomnch. A ligature ,vns tied nrouod the �phngus to secure the cnnnula. The fur on the 

IO\\'Cr abdominal portion ,vns shoved l\nd o midline incision \\'US mode through the skin so ns

lo bring out the stomach. A incision ,vllS made on inch distal to the pyloro-duodc:nnl junction

IOd through ii the stomach wns washed by the nonnnl saline Ouid until clear effiuent \\'US

observed. The duodenum \VIIS cnnnuloted nnd tied. The stoninch ,vus put back into the

peritoneum and the cul surface closed and covered ,vith moist cotton \\'001. The end of the

tannula wns then put into o benker to collect the cffiuent. The fcmornl vein \\'OS exposed by

d,, ..... · . th' nh 'th the femoral sheolh contllining the femoral vein,
--.hon, cut mode in the upper I&-• Wl 
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uwy, and nerve exposed. The vein \\'8.5 isolated ond ligated in two places. Blood flow 

lhroug)\ thc vein was first occluded by holding the vein ,vith a bulldog clip in thc body-ward 

direction. The vein \\'IIS made to  distend fairly by pushing blood to\\-ards the clip. A femoral 

cannula ,vas inserted in the femoral vein from the toe-ward direction ond tied. After 

cannulating the femoral vein, the rate of flow of the perfusing fluid from the modified 

Langerdoff apparatus ,vns adjusted. The rate of perfusion ,vus regulated such that 10ml of 

gastric contents ,vas collected from the stomach cannula at IO minutes interval. This 

technique is kno,.,'n ns the continuous perfusion technique method of Ghosh and Schild 

(1958). TI1e collected effiuent \\'OS tit.rated with 0.0025N NaOli afier adding l\\O drops of 

phenolphthalein to it. 
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artery, and nerve exposed. 1bc vein was isola1cd and liga1cd in two places. Blood Oow

through lhe vein wos first occluded by holding lhe vein with a bulldog clip in the body-ward

direction. The vein was made lo  distend fairly by pushing blood loY.'llrds the clip. A femoral 

cannula ,,.-as inserted in the femoral vein from the IOC·Y.iud direction and tied. After 

cannula1ing the femoral vein, the rate of no,v of the perfusing fluid from the modified 

Langerdoff opparo1us ,vos odjustcd. The rate of perfusion '"11S regulated such that 10ml of 

gastric contents ,vos collected from the stomach CMnulo 01 10 minutes interval. This 

technique is kno,vn as the continuous perfusion technique melhod of Ghosh and Schild 

(1958). The collcc1ed cffiucnt Y.11.S titrotcd "'th 0.0025N NoOII afler adding ,,,-o drops of 

phenolphthalein to it. 
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Figure 15 Illustration of the rat slomnch preparation.
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d. Ma1imum Secretion

Collection or Masimal Gastric Acid Secretion using diff'trent secrctagogucs:

i. Histamine-induced gastric acid secretion

A dose of 2.5 mVI OOg body ,vcight histamine acid phosphate \\'US injected intrDvenously (i.v.)

through the femoral vein into the rats nftcr anaesthctii.cd ,vith urethane according to their 

body \\-eights (0.6 ml per I OOg B W). Then I 0ml of gastric contents \\'llS collected at the rate 

of 1ml per minute for one hour l\venty minutes (80 minutes) using gnstroduodennl cnnnula. 

ii. Pcolagastrin-induccd gastric acid secretion

Pentagosuin at a dose of 25 µglkg body \\-eight \\'llS administered introperitoncally (i.p.) 

(Fatcma el al., 2006). Keto.mine chloride (0.2 mVIOOg body "·eight), / p. ,vas used os 

aocsthcsia .. Then \ 0ml of gastric contents \\US collected ot the r.1tc of I ml per minulc for one 

hour t\\'Cnty minutes (80 minutes) using gasuoduodcn11l C3Mula. 

Ill C1rb1chol-lnduccd &astric acid secretion 

Carl>achol 01 8 dose of 4 µglkg body \\-eight \\'3S administered intropcritoncnlly (i.p.) (Noscri

tt al., 2007). Ket.amine chloride (0.2 ml/I OOg body \\-eight), i.p. ,vas used as anesthesia. Then

10ml f · 11 tcd af\cr IS minu1cs ofltt "hicb the timing for 10mlo gastnc contents ,vas co cc • 

collcc1ion \\ilS made every IO minutes for one hour t\,-cnt) minutes (80 minutes).

t. "-1tasurcmcnl of gastric acid conccntnation In samples

li . . f tumctric onnlysis \\'trc used to measure
1lrations o.nd calculntions using lhc pnnciplc O vo 

11.. • and rna,imnl gastric secretions-Strtngth of the samples collected • e �sat 
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r. Examination or Samples

The  toial odd;1y of lh, gas<n, C001enu was dotom,;,.., by .,;,g lhe ,;,,.ti,g molhod ,.;11i "';,;,;o1 drop of 1% phe,olphlhoJ,;,. lru, w,, ,;.,.lod w;11i 0.002SN NoOH from a b,,cn,. Th,end point \Vas detcnnined \Vhcn the solution turns pink from the burc11e rending.
g. Volumctr-ic Analysis

At the end of the Litrotion process, tJ1e follo\ving calculntions \Vere cnrried out:
M11. V A=MoVe ........................................................... (I}

\Vherc M11. = Molnrity of ocid

VA = Volume of acid 

Mo = Molnrity of base

V0 = Volume ofbose

It follo,vs that M,.. = Mo Vo
VA 

••••••••••••••••••••• ................... (2)•••••••••••••••••••••••• 

But M,.. =- Concentration, C • 
Gram Equivalent ,,-eight, 0 

C -

.....•.•••...••••••..••..••.••••.• 
-�1 ... xa

··········· ················ 

Substituting for M,.. in equation 2 into 3

C • .Mn Vo_ x G g/litrc
VA 

.................. (3) 
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Therefore C in mg/litre \viii be
C • Mp Vo.. x G x l000 .................. ········· ............... , ................ ( 4)

v,. 

But Meq/Jitrc-= Cone value in mg/J 000 mJ x IoGram equivalent weight G -........................................ (5)

Substituting for Cone. V olue in I Omg/1000 ml and Substituting equation 4 into 5
Meq/litre ... Mo Vo x G x 1000 xlO

v,. xlOxG -

= Mo Vo xlOOO 
VA 

····················································· (6)

But since M/400 NnOl-1 ,vas used• Mo= 1/400 M

Substituting for Mo

Mcqllitrc • YJL x I 000
400 

VA

But 10ml ofocid ,vas used foreaeh titration i.c v,. • IOml
lncrerorc M cq/Jitrc • 5Vn • 0.25 Vo
lhcrtrorc, 0.25Vo represents concentration of the 

2 x IO 
ocid in effluent in mcqnitre. 
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3.7.3 Effect of rispcridone on gastric mucus secretion

A total of thirty two rats were used for this study. They "'ere divided into four sub-groups of 

eight rats and treated for 21 days orally with risperidonc. Group I \YtlS the control and \\'aS

ueated \\ith distilled ,vater. Groups 2, 3 and 4 \\'Cre given risperidonc at doses O.l mg/kg, 0.3 

mg/kg and 0.5 mg/kg respectively (Saxena 1111d Singh, 2011). The rats ,,·ere 54crificcd by 

Cffl'ical dislocation nnd their stomncbs remo,ed llJld \\'Cighed. The glandular ponion of each 

sklfflaCh ,vas opened along the lesser curvature. The cvcrted stom3chs \\'ere soaked for l\\'O

hours in 0.1% Alcian blue dissoh,ed in 0.16M sucrose buffered ,vith 0.05�t sodiwn acetate, 

adjusted to pH 5.8 ,vith hydrochloric ocid. Uncomplexed dye \\'OS removed by 1,,-0 successive 

washes nt 15 ond 45 minutes in 0.25M sucrose. Dye complexed ,.,,;th mucus WllS diluted by 

immersion in 10ml nliquots of 0.5M Magnesium Chloride for 2 hours. The resulting blue 

solutions \\ere shaken briefly ,vith equal , olume of diethyl ether nnd nbsorbance of aqueous 

phase \\'aS me:isured ot 605nm using spcclrOphotometcr (Corney et al., 1974). 

The absorbancc of e3ch solution ,vn.s then used to cnlcuh11e the vnrious conccntrntions of dye 

111d the \\'Cight of dye (c.'(pressed in mg) deduced, using a stnndnrd curve. The \\'Cight of dye 

'ft'l.1 then C.'(pn:sscd over the ,,eight of the storn:ich, to g.i,'C the \\-eight of mucus secreted. 

D.... .� d 'bed by Corney et al (1974).• •U1:Cdurcs for mcosurcmcnt ,vcre 1h01 cscn 

lhas, gastric mucus secretion (mg/g tissue)• \Vcight of dye (mg)
\Vcight of stomach (g) 
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3.'7,4 Ell'cd of ris�ridoae on gastric mucus cell coual

A. toCll oflhirt) �'Onus \\'tte used for this study. They \\-UC djvidcd into four su�groups of

eigbl r'llS and trcalcd for 21 da)'S orully \\ith rispcridoot. Group I \\"llS the control IOd \\'U

iraerd "ith distilled \\':lier. Groups 2, 3 and 4 Y."Crc given rispcridonc at do,c:s 0.1 mglka. OJ 

ql\.g and 0.5 mg/\.g rcspccti,c\y (Sa."<cna and Stn&h, 2011). The ralS "� sacrificed by 

CG'ic:al dislocat1on and lhc stomachs mno,cd. The &)o.odular portion of the each SIOrDaCb 

•� opened along lhc lesser curvnturc.

Ga•1ic: mac:us cell a>unt ,,-ns done by counting the ownbcT of pstric mucus ccllJ lh.tt Jtaincd 

•illl Hwmmo-q tin and Eosin. These "'ere I.Odicetcd as blue p:itchcs. The swncd slide of I.be

•u•b mucma of each nu \\'llS ,iCY."Cd under the microscope. The pstne muan cclb '11.'a'C

,,,.,.,r:d miug calibrated microscope in five randomly selcacd era of I.be pun.:: mucoal 

tmuc .  Fi,1: cubic: boxes each Y.ith an IUQ of I mm2 
"� asxsscd. This method is an 

llllphhc uwm O\cr the earlier descnbcd opprollCh for coununa by Utt aJ (2002) 

b loo.,....n.u lalilb 10n; \C � ud
17.S EffttU or ru�ridont 08 {Adomtl lnA, C')t -J. 

cl I t1tdlt lad•Nd cu• ric ulttntlo• 

� 
. C 
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Control: lndomcthacin- 40 mg/leg {Elcgbe and B ... __ _ amguux, 1976)

Group I: SC 560 • 40mg/kg (\Val lace ti al.; 2000) 

Group 2: Cclecoxib • I Smg/lcg {Wallace ti al.; 2000) 

Group 3: SC-560 (40mg/kg) and celecoxib (ISmg/kg) combination (\Vnllocc ti al.; 2000) 

Group 4: Rispcridonc (0.Smg/kg} + SC-560 (40mg/kg) + celccoxib (I Smg/kg) 

The COX inhibitors SC 560 and cclecoxib \Vere administered oral!)• 4 ho� before the 

animols "'ere sacrificed. 

J.7.6 Effect or rlJperidonc on l\1alondialdcbydc Concentntion

A total of thirty t\VO rats \\'Crc used for this study. They \\'Crc divided into four su�groups of 

eight rats and Lrcntcd for 21 days orally ,vith rispcridonc. Group I \\'llS the control and \\'8S

lrtatcd with distilled \\'Btcr. Groups 2, 3 ond 4 \\'Crc given rispcridooc ot doses 0.1 mg/kg. 0.3 

mg/kg lllld 0.5 mg/kg respectively (Sa.'(ena ond Singh, 2011). Lipid pcroxid:ition \\'8S assessed

by measuring thiob:irbiruric ocid reactive substances (TBARS) produced according to the 

method of Gutteridge and Wilk.ins ( 1982). 

Priariple 

lnis method is bnsed on the rcnction between 2-thiobrubituric acid (TBA) and

lll&looi·' .. ·h . ' nd roduct of lipid peroxides during lipid pcro,icbtion.
111"" ydc (MDA) ,vhich 1s on e • P 

Ori'-- · red lex \\115 produced thot absorbs mn.xunall)
•qting in acidic solution, a piru. colou comp 

ll S32 1 f th test �pie \\"U mixed "ith 0.5ml of IO!'.
run on the spectrophotometer. 0.1 m o c 
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TCA ond 0.5ml of 75% TBA was then added Th .· e lnl)(turc ,vas placed in water bath at 80°C 

for 4S minutes. The nbsorbancc of the resulting , -•· 1 . Pina. co our solullon wns mensured og1W1St a

reference blonk of distilled ,vnter 01 532nm The lest 1 • · samp e \\'OS cahbroted using the MDA os 

standord ond the result ,vas expressed as the amo I f r_ MD un o u<::C A produced or MDA 

quantified by using the molar extinction coefficient, C of 1.56 x 10'M"1cm·I occording 10 the 

expression of Adrun Vizi ond Sercgi ( 1982). 

MDA (units/g tissue)= Absorbance of sample 
Molar extinction coefficient 

3.7.7 Effect or risperidone on the hi1tologic:al changes or the gastric mucosal. 

A totol of thirty t,vo rots ,vcrc used for this study. They ,vere divided into four sub-groups of 

eight rots ond treated for 21 doys omlly ,vith rispcridonc. Group I \\'OS the control and \\135

treated ,vith distilled ,voter. Groups 2, 3 ond 4 ,vcre gi\'en rispcridonc ot doses 0.1 mg./kg, 0.3

mg/kg and 0.5 mg/kg rcspccthely (Sn.'<cno ond Singh, 2011). Afier th.e 21 doys treatment

period the rats ,verc sacrificed by cervical dislocation, the stomachs removed nnd ,vcigbcd.

The glandula r  portion of the stomachs ,.,,ere opened along the lesser curvuturc, rinsed, ond

Placed into plnin srunple bottle conlllining IO¾ formalin. These ,vcre used to prepare

histological slides using hacmatoxylin and eosin (H&E) and periodic acid Schiff (PAS) as

lllins H. 
1 h . d. re performed using Olympus light microscope ('< 100)

· ts omorp omclnc stu ,cs ,vc 

filled "ith Casio digit.o.l con1crn and Motic plus China, lOOO sofi\\'IUC,
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J.8. STATISTICAL ANALYSIS

o., .... P""'"'<d o, Mcon • StM fo, 8 ... _ s�,- ,;&nificonc, be"'"" ...... w:u C\'Dluntcd using nnolyais of vllfi1111� (ANOVA) and S1udcn1's 1-c.cs1 for paired diata with!he aid ofOmphpad Prism S. In oll data llnalysls, P • 0.0S �'U c:onsidm,d signjficant, 
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CHAPTER FOUR

4.0RESULTS 

ti Efftc:t of rispcridonc on ,vatcr immcnlon restraint stress-Induced gastric ulceration 

(Ulcer Scores) 

From Table 3 ,  there ,vns o dose dependent decrease in the ulcer scores or the rispc:ridone 

prttttntcd groups; 0.1 mg/kg (3.502: 0.19), 0.1 ms,'l.g (1.88± 0.30) and 0,5mg/kg (J.2J:t: 0.18) 

compared to the control (5.56:i: 0.32). The percentage inhibition or ulcer \\3S also dose

dq,cndcnt: O.lmg/kg (37.08%), 0.3mg/kg (66.30%) and 0.5mg/kg (79.78%). The degree or 

inhibition or ulceration is an index of ulcer protection. This incrca.sc \\'l!.S round to be ,veil 

tontlated \\ilh increasing doses of risperidonc. This is indicative of increase in degrtt or 

PIOleclioo \\1th increase in dose of risperidonc. 

4.2 Efrttt or rispcritlone 00 "·atcr immersion restraint stress-induced gastric ulceration

Plait SA (conlrol) sho,vcd extended hncmorrbngic ulcers greater thtul 3 mm 10 length in most 

PCl!tions of the stomach com pored 10 the risperidonc pretre:ited animal, A (0.1 mg/kg), B (0.3

llgi'\g) and c (0.5 mg/kg). Fc,vcr numbers of extended haemorrhagic ulcers \\'Crc recorded in

Plait <n Th . d 'th O I mn/l.g rispcridonc, \\'rule in Plate SC, thereJu. csc ,vere for nrumnl tn:nlc "" · l:i"' 

lit r-�.... 'th n1 one extended hacmorrh:lgic ulcer. Plate 5D•u, ... -bly very lo\\ ulcers spo!S \\1 O ) 

lliin.1 . 1 The decreases in ulcct11tion 1n the rispcridonc-s treated with 0.5 mg/kg had h11le u ccr. 
lltN..... . • d to the conuol (¢ 0.5).· ·-� rut groups ore sig_ruficnnt compare 
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on restraint stress (\VIRS)- inducedTable 3: Effect of risperidone on water immeni 

castric ulceration 

TtUllnCOl 

Nonnal saline 

(Control) 

Ulcer score• 

6.06±0.32 

Rispcridonc (0.1 mg/kg) 4.00 ± 0.30• 

11.ispcridonc ( 0.3mg/kg) 2.2S ± 0.21 • 

Rispcridonc (0.Smg/kg) 1.75 ± 0.21 • 

inhibition of ulceration (.,,•)� 

-

33.99 

62.87 

71.12 

"Values arc mean± SEM, for 8 nnimnls per group. •p<0.05 significantly lo\\i:r comp:ucd to

control. 

Wu'bition of .. Control -T rcatmcnt x l 00
ulceration (o/• )b Contr0l ( �Percentage inhibition as described by

Roji ti al. 2000). 
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Pble S. l\1acruscopic chnn�s on the e!Tcct of rispcridon�tl1!:lttd rut on \VJRS
indueflJ gastric ulccrntion (� 100) 

,\ Co11hol [Uo11p {\\'IRS :1\011e) - E, 1dc11ce of �e\'e1e Ulce1 �een

B (0 hnp. kp. Rlt11> + \\'IRS) - ulcc1 ,een :ue le� ,e,·cre 

C lO 3 111p. 4 Ri� \\'IRS)- n,·o or 111ore pul point ulcer p1e;c111

D (0 � 11\jl kit Ri:-p + \\'IRS)- Pu1 pou\t ulcer
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4J Effect of rispcridonc on waler immcnioa restraint stress-induced culric ulttnlion

There \li'IS dose-dependent decrease in ulcer scores for animals in the O. l mg/kg, 0.3mg/kg 

and 0.5mg/kg. Figure 17 sho\\'S decrease in &n5tric ulceration as the dose of the risperidonc

incteascd nnd these are grndcd and dose dependent decrease in ulcer scores for the 0.1 mg (4.0

* 0.30), 0.3mg/kg (2.25 ± 0.21) and O.Smg/kg (l.75 ± 0.21) animals groups. The decreases in

ulcer in the experimental groups ,,ere significantly reduced comp;,.rc to control {6.06 ± 0.32)

(p � 0.5).

4.4 Uktr area in water Immersion restraint stress-induced gastric ulceration In 

risptridonc treated rau 

The ulcer urea (µm)1 in the 0.1 mg/kg (1,883,950), 0.3m&/ks {369,991) ond O.Smg/kg {SS,150) 

rispcridonc pn:trcatcd nnimals sho\\-cd a dose-dcpc:odcnl dccrcnsc compa.rcd to lhc control 
· · ificnntly different from lhat inll,653.500) - {Table 4). This decrease 1n ulcer area \\'llS 51&n 

control o.nimals ,vith each or lhe doses (pS 0.05). There "-ere also signi6cant dose-dependent

) . th risperidonc group comp;,.rcd to the dec:,t<Ues in the % ulcer area nnd pcrimclcr {µm '0 c 
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Control 0.1 mg/kg 0.3mg/kg O.Smg/kg 

Risperidone 

F'lprt 17 Effect of rispcridonc on \VIRS-induccd gastric ulcer in rats

Values arc l\1c:an ± SEl\1 for 8 animals per group. P<O.OS 

signific:antly lo"cr compared "ilh control 
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Table 4: Effect of risperldone on water irnm . . . ulcera1100 - Ulcer area
. en,oo resrra101 stress induced ga.srric

Treatment Ulcer Area (µm)1 % of Ulcer Area Perime1er (µ01) 

Control 
3,653,500.0 

10,846.1 

Rispcridone (0.1 mg/kg) 1,883,950.0 51.57 • 
6,706.6 

Risperidone (0.Jmg/kg) 369,991.0 
I 0. I J • 5,987.0 

Rispcridonc (0.Smg/kg) 85,150.0 2.JJ• 2,447.0 

'lbe percentage of ulcer area (nn index of ulcera1ion) indicnted nbove shO\\'Cd dose

�dcnt relntioosbip \\<ith the doses of rispcridonc. The dosc-dependen1 relation is 
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,1.5 Effect or risperidone on indomelbacin-inductd gastric ukenlion (Ulcer scores) 

There \\'Cre dose -dependent de<:reasc in the ulcer scores of lhc risperidone tre:atcd group;

O.lmg/kg (4.94:t: 0.26), O. lmg/kg (2.00t 0.19) llJld O,Smg/kg (1.31± 0.19) compared 10 the 

coouol (6.44± 0.36) - (fable S ) .  The percentage inhibition increases wilh increase in doses of 

rispcridonc: 0.1 mg/kg (23.300/e), 0.3mg/kg (68.93%) nod O.Smg/kg (79.61%). This is an 

indicathe of incrensc in degree of gastroprotcction. 

4.6 Efftcl or rispcridonc on lndomtthacin-inductd gastric ulccnlion 

Pbtc 6 shov,s ulcer lesions (sho,vn by the QITI)\\"S) of the control (A) comJ)31'Cd to the 

nspcridonc treated nnimal, A (O.lmg/kg), B (0.3mg/kg) Md C (0.Smglkg). Plates 6C o.nd 60 

sbii\o\'Cd fairly intnct, ho\\·cvcr ,vilh dolled p:itchcd of ulcers. Pl.itc 6D is almost free of ulcers. 

The ulceration decreases as lhc dose of rispcridonc increased comJ)31'Cd to the control �

0.S). 

I 
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Table 5: Effect of risperldone on indomethacin 1·nduc-.. g ...: 1 . • n1 as .. ,e u cention

Trtatmcnt 

Distilled ,vater 

(Control) 

Risperidone (0.1 mg/kg)

Rispcridone (0.3mg/kg) 

R.ispcridone (O.Smg/kg) 

U leer score• 

6.44 ± 0.36 

4.94 ± 0.26· 

2.00 ± 0.19· 

1.31 ± 0.19· 

Inhibition of ulceration (%)' 

23.30 

68.93 

79.61 

'Values ore mean± SE�I. for 8 nnimllls per group. •p<0.05 significantly to,vcr compo.rcd to 

control. 

Inhibition of 
Ulctration (% )b 

• Control -Trc11tmcnl x I 00
Control 
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Plate 6. Effect of rispcridone on indon1eth:icin-induced gastric ulccr:ition 

A Con1rol group - indon1e1hncin alone - Very severe ulcer of 111ore than 3mm 

D Rispcridone (0.1 n,g/kg) + indon1e1hnc1n - Less sc,erc ulcer of more thnn Jnun

C Rispcndonc (0.3 1ng/J..g) + indomc1hoc1n - �lilJ ulcer

D llisperidonc (0.5 ,ng/kg) + lndomclhacin - Lesser or no ulcer

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.7 Effect of risperidonc on indometbacio-indaccd gastric ulcention

The figure 18 sho,vs the graph of ulcer scores against dose of risperidonc. The risperidonc 

uwcd animals ulcer scores are 0.1 mg/kg (4.93 ± 0.26), 0.3mg/kg (2.00 * 0.19) and o.Smg/kg 

(IJl:t0.19} comp:ued to the control (6.438 * 0.36). It sho\\'S a graded and dose-dependent 

dec,casc in lhc mean ulcer scores with illtre3SCS in dose of rispcridonc. These decreases in all 

the risperidonc lrcatcd animals arc signi licanlly diffcrcnl from lhc control (p� O.OS). 

-IJ Effect of risperidonc on indomctbacin-induced gastric ulceration (ulcer area)

The ulcer nrcn (µm)1 and pcrccntnge of ulcer nrea (%} in the 0.1 mi;ikg (636,592.6 nnd 

U.91}, 0.3mi;ikg (489,350.0 Md 18.18} and O.Smg/kg (242,750.0 and 9.12} rispcridone 

prttre4tcd animnls sho,ved n dose-depcndcnl decrease compared 10 I.he control (2,662,067.0).

This dccrco.sc: is significnntly diffcrenl from the con1r0l (p� 0.0S}. There ,vas also significant 

dosc-iicpcodcnt decreases in the perimeter (µm) in the rispcridone prclrC3tcd group c-0mp:ucd 

IO the control (Table 6). 
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Risperidooe 

ma control

� 0.1mg/kg 
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Figure 18 Ris�done redu<X!S ulcer scores in inda1cthocin treated rats
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Table 6: Effect or rispcridone on indonicthacin- . d . . an uccd gutnc ulccra11on -ulcer area

Treatment Ulcer area (µm)2
% of Ulcer area Pcrime1er (µm)

Control 
2,662,067.0 

11,320.0 

Rispcridone {0.1 mg/kg) 636,592.6 
23.91 • 

RisJ,cridonc (0.3mg/kg) 489,350.0 
4372.6• 

RisJ,cridonc (0.5mg/kg) 242,750.0 
3987.8• 

The lablc 6 shows the nren of ulccm1ion in the: lndomcthncin-induccd gns1ric ulceration. There

isa decrease \vilh an increase in dose of rispcridonc. The dose-dependent relation is
li£nifica111 • compared to the conLrol.UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



' 

4.9 Effect of rispcridonc on starvation-induced cutric ulccntion (ulcer score)

fiom lablc 7. there wus n dose -dependent dceteasc in the ulcer scores or the risperidonc

.-,ueatcd group O.lmglkg (3.50: 0.19), O.lmg/kg (l.88± 0.3 0 )  and 0.5mg/kg (1.13:l: 0.18 ) 

compared to the control (5.56± 0.32). The percentage inhibition increases with increase in 

dosage of rispcridone: O. lmg/kg (3 7.05•/o), O.Jmg/kg (66.19-/e) and 0.5mg/kg (79.68%). This 

is indicative of increase in degree of protection ,vilh increase in dose of rispcridonc. 

tll Effect of rispcridonc on starvation-induced gastric ulceration 

P\llt 7 sho,vs ulcer lesions (sbo\'m by the am,,,-s) of the control (A) compared to the 

rispcridone pretreated animal, A (0.lmg/kg), B (O.Jmg/kg) nnd C (0.5mg/kg). There arc 

dcawcs in ulceration as the dose of rispcridonc increased compared to the control (p�.5). 
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Table 7: Effect of rispcridone on stal"\•ation (6d) · d d - 1n uce ulceration
Treatment 

Distilled ,voter (Control)

Rispcridone (0.1 mg/kg)

Risperidonc (0.Jmg/kg) 

Risi,eridonc (0.Smg/kg)

Ulcer score• 

5.56 :l:: 0.32 

3.50 :l:: 0. I 9• 

t.88 :to.Jo•

1.13:f:O.l8• 

Inhibition of 
ulceration (¾)b 

37.0S 

66.19 

79.68 

'Values arc mean :l:: SEM, for 8 animals per group. •p<0.05 significantly IO\\'Cr compared to

Lihibition of • Controf -Treormcnt xlOQ�lion (o/o)b 
Control UNIV
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• 

• 

Plaie 7: Effect of rispcridonc on slarvnlion induced ulccn11ion 

A Control group (stllf\.ation alone) • )evere ulcer

a,r •spcri<Jone (0.1 nlg,l.g) sllll'\ uuon • lc)s sc, ere ulcer

C R.i SJ>endonc (0.3 mg/lg)+ stru\auon. nulJ uker

0 R.is 
Pcndonc (0 5 mg/J.g) + )lilt\ ,Ilion . k)� number ,,t ulcer
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-4.11 Effect of rispcridonc 00 starvatlon-induccd gutric ulceration (ulcer scores) 

The figure 19 sho,vs lhc graph of ulcer scores against dose of rispcridonc in swvation

illduccd gastric ulceration. It sbo,vs a dose-dependent decrease in the ulcer score with 

increase in dose of rispcridone. These decreases in all the risperidone treated animals arc

significant compared to the control (p�.OS). 

4.11 Effect or risperidonc on starvation-induced gastric: ulceration (ulcer area) 

As shown in Table 8, the ulcer area (µm)2 and percentage ulcer area in the O.lmg/kg 

(500,200.0 and 24.09), 0.3mg/kg (228,SOO.O and I 1.0) and O.Smg/kg (116,600.0 and S.62) 

n.spmdonc pretreated animals sbo,vcd a dose-dependent dee:� compnrcd to the con1rol 

<2.076,SOO.O). This decrease is significnntly different compared to the control � O.OS). 

There v,ere also significnnt dose-dependent dtcrca.scs in the perimeter (µm) in the risperidonc 

Plttrcated group compared to the control. 
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Figure 19 Ulcer score ngnlnst rlspcrldooc in starvuliou-lnduced giutric ulcer 
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Table 8: Effect of risperidone on starvation- induced gastric ulceration

(Ulcer area) 

TR:atmcnl Ulcer area (µm)1 o/• of Ulcer area Pcrimclcr (µm) 

Control 1,076,500.0 8.430.4 

Rl.spcridonc (0.1 mg/kg} 500,200.0 24.091 34S7.7• 

lisperidonc (0.3mg/kg} 228,500.0 11.00• 2888.0· 

lisi,cridonc (0.Smg/kg) 116,600.0 S.621 2188J· 

' -

Table 8 .L. lh r I . . .... 5tft"',1\tion-induccd gastnc ulcm11on. Tbcrc is a
"'"'"''S c orea o u ccrauon Ill w,; .... • 

� v.'ith an incrensc in dose of rispcndonc. The dosc-dcpendcol rclauon ,s sir,rufican1•

� lo the control (pS().05). 
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,t.13 Effect or rispcridonc on histamine-induced GAS

Results obtained from this study (Figure 20) sho,vcd that rispcridonc decreased gastric acid 

,ccrction in experimental animals in a dose dependent manner compared with the controls. 

Tocrc \\-crc signifiC4lll reductions in gBStric acid secretion after histamine administrution 

compared with control (pS0.05). Bet\,-ecn 0-40 minutes, the basal secretion ,11ns fuirly normal 

in all the groups. After 40 minutes, hislaminc \\'llS administered inuuvcnously through the

fmioral vein and IO minutes later, there ,vas a sharp increase in gastric acid secretion in the 

control rats, ,vhile the rispcridone-trcatcd groups sho"'Cd a fall in gnstrie acid secretion that 

'Atte all significantly different (p� 0.05) compared to those of the control groups. Annlysis of 

the 50\h-70th minute's intervnl also sho\\'Cd o significant decrcosc in the rispcridonc tre3tcd 

nu compared to the control rats group. 

4.1� Effect or rispcridonc on pcntagastrin induced gastric acid s«rction 

lbm .,.,ere significant reductions in gastric acid secretion oner pcnu,go.strin (25 µ�g. 1 p.)

°"-'-' _ . 1 (p<:0 OS) Bct\i"CCn (µ0 minutes_ thc bas:11 -..auuation when comp3ftd to the contro - · · 

ltCrclion "'"a.S rising fairly constant in their secretions in oll the groups (figure 2\). Aner thc 
� . administered ,nlrllpcntonesll). After 10 -.i minutes, pcn14gnstrin a known secreu,goguc \\"IS 

-111inoauia1cs • • tri id secretion in the conlrO\ rn.ts. "bile the-cs, there \\'3.S a sharp ,ncrcasc ,n P5 c ac 

d sccn:uon that "ere all sigrulicanll) 
�treated groups sho\\cd a foll in gastnc ac, 
"-• 1 groups Anal)SIJ of the 50th - 80th
-..i"'nt (J>S 0.05) coml)3ttd to those of the contro 

. 
,n the preuutcd ntlS comp:ucd to the

�·, Interval also sho\\cd a sigitificont decrease

�I l'lls group.
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minute's interval also sho,vcd O sioru·n c. •cant decrease · th in e pretreated rats compared to thecontrol rots group. 

5.5 

5.0 
Control 

J ,.5 
,.0 

-

i 3.5 

13.0
.: 2..5 
·2 2.0 • Q 9 • O.lmg/kg.. • • • • li 

q--. 0.3n1g./kg
= 1.0

� 

• 
u 

1.0 • • 
O.Smg/kg

I • q • 
0.5 • • •

r 
0.0 

10 20 30 ,0 50 •o 70 10 

llm• (min.) 

Figure 16 Effect of risperidonc on gastric acid secretion induced 
by histamine in rats 

7 l = Before 111To,v sho,..,s ba.wl secretion

l • Arrow indicates point of injection of hh1run1nc admioi,uution. , ,,

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



5 

= 4 
0 ·--
� 
... 

3u 

� 

.,, 

"O 
·-

CJ 2
� 

u-·- -
........ 

-c:r
1.,, � 

� 5 
c., .._ 

0 
0 

.. Control 

.. 0.1 mg/kg R 
..... 0.3 mg/kg R 

+ 0.Smg/kg R

l 

20 40 60 80 100 

Time (n1in.) 

Figure 17 Effect of risperidooe on pcntagnstrin 
induced gastric acid secretion 

-. • Before nrro,v sho,,-s 1>3snl secretion 

l == Arro,v indicates point of 1njcct1on pcnlllgllSlrin odminislt'Qtion. Ip
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4.15 Effect of risperidone on carbacbol induced gastric acid secretion

1bcrc \\�re no significant reductions in gastric BCid secretion after corbahcol (4 µw\(g. Lp)

M\ministration when compared to the control �0.05). Bcl\\'CCn 0-40 minutes, the basal 

,cactioo \\'US similar in oll the groups (figure 22). After the 40th minutes, carbacol was 

administered intrapcritoneally (i.p.). \Vi thin IO minutes there \\':l.S o shnrp incr=se in gastric 

acid secretion in the control rolS. The S3Jlle trend y:as observed in the rispcridone treotcd 

groups. There ,,'US no significant difference �.OS) in goslric acid secretion in the 

nspcridone-trcated groups compared to those of the control. 

�.16 Effect of rispcridone on gastric mucus secretion 

la Figure 23, there \YOS significant incTC3SC in gnstric mucus secretion (mg/g tissue) in the 

Olmg.lkg rispcridonc (1.06 * 0.1 I), OJmp,l\,'.g risperidonc (1.31±0.12) and O.Smg/l.g 

nsperidonc ( 1.39*0.20) prct.rented rots compared to the control mis 0.60* 0.03 � 0.0S). This 

increase in gastric mucus secretion 1s dose-depcndcnL 
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4.17 Effect of risperidonc on gastric mucus cells count

In figure 24, the effect of risperidonc on gosuic mucus cells count showed graded increase 

\\ilh the increasing doses. Thae is n significnnt increase in the mucus cells count with 

O.lmg/kg rispcridone treated rats (121.2.z 5.04 oclls/cm2) com!)3n:d to the control rats (103.3±

4.18 cclls/cm1). Similarly the doses of 0.3mg/kg (128.6± 2.46) nod 0.5 mg/kg (129.J ± 3.73

cclls/cm2
) rispcridone produced increases in gastric mucus cells count that arc significantly 

diffcrmt compared to the control rats group (p<0.05) 

�.18 EITtcl of rispcridone on indomctbacln, S C -560 and ctlccoxib combination, SC-560 

lad cclcco1-ib induced gastric ulctnation 

The figwe 25 sho,vs the ulcer scores ogninst indomcthncin (40mg/kg), SC-560 nnd cclccoxib 

combination, risperidonc nnd indomcth:lcin. rispcridonc + SC-560 + cclcc:oxib combination, 

I\Sptridooc + SC-560 combination nnd risperidone + c,elcc:oxib combilllltion -induced {;IIStric 

lllctration. It shO\\'S n decrease in the ulc,er score in the combined doses of nspcridone and 

· 'Ii d'ffcrcncc comp:utd to those of SCS60 + celecoxib. These decreases sho\\cd s,gru ,can, 1 

lldomcth3cin, SC-560 and ccleco,db. UNIV
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-ll9 Effect of rispcridone on indomctbacin, cyclooxyccnase l(SC -S60) and 2 («lecoub)

\a)llbiton induced gastric ulceration

Plate 8 shows ulcer lesions (sho,vn by anows) of indomcthacin only (A), SCS60 and

cdecoxib combination (B), rispcridonc ond indomclhacin (C), SC-560 and cc\ccoxib (D).

risperidone + SC-560 (E) nnd rispcridonc + celccoxib (F) induced ulccrotion. There are 

dtcicases in ulceration io rispcridonc ond indometh:icin, and rispcridonc + SCS60 + 

cclccoxib compared to I.hose of indomelh.llcin, SC-560 + cclccoxib. This decrease is 

sipii6can1ly different (p5 0.5). 

4.29 Effect or rispcridonc on malonialdcbydc �IDA) conccntntion 

The Figure 26 sho,,-s the effect or rispcridonc on �IDA conccntntion. There "-as a significant 

decrca.sc in �IDA with 0.1 mg/kg rispcridone 1rC:11ed ruts (0. 194 * o.oon) ns &g1Unst the

COlllrol ra\S {0.257 :l:: 0.0087) (p�.05). The concentntion of �lDA cooccotration in the 

0.lm�g {0.183 :l:: 0.0073) nnd I.he o.Sm&Jlcg (0.106 * 0.0049) rispcridone trc:1tcd rats sbo"'Cd
· · I (p� OS) This dccrcMC e'1ubits dose 

llpiif ican1 decrease comP3fC<l to the c.onlrO - · · 
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(ttltcoxib) inhibitors induced i:ostric ulceration 

A lndomethacin only

8 SC-560 nnd celecoxib combination

C llisperidone and indomcthnc1n 

D Risperidonc + SC-560 + cclc:cux1b
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4.21. Effttt or risperidonc on the histological changes or the gastric mucosa I.
�•• 9 showed !he ,rr..,, of ri•P<ridoo, oo all th, dUT,n,01 ule,, models. There"",.,......,ofttd,etio, in gostric ulc.,.tfon fo •II th, ri'POrido,,. pn,t..,tod "" g,oups <om__, 1o lhccontrols. 
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Platt 9. Histoloi;cnl profile of the rffccl of rispcrulont on\\ IRS in conlrol and treated

••imils' stomucb section. 11& l and P \� S111lnlng, �liig. ::,.100.

A Conuol group -\\ t RS alonc • sc, ere ulcer

8 Rispcridonc (0 t mg:kg)., \\ tRS - less sc,crc ulcer

CRu J>Cndonc (0.J mg;kg) + \\ IR5 1n1IJ ulcer

O Rbpcridonc (0.5 mg/l.g) +\\IRS. no ulcer
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Plaic lO lli_stologicnl profile of the rffccl of riipcritlnnc on indo111rth11rln-lntlucrd i:o,1ric
ulctratlon on stom11cb section of conrrol onJ 1rr111etl 11nin111'-s. P,\S St11lnlng. \111,:. \.100
A Control group -1ndomc1hac1n alone • , er} sc, ere ulcer
0 Ri Sl)Cndonc (0 I mg/kg)+ andomclhocin - le� sc,crc ukcr
CRJ Sl)Cridone (0.3 mg/kg)+ 1ndon1ethnc1n • mild ulcer 
0 Rispcfidone (0 5 mg/kg) indome1hncin • lc�scr or no ulcer
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Plate 11. lli,tolni.:le11I profile of the effect 11( rhpcritlonc on �tun 111ion- intlucNl uktr on

st0m:ich bcction on control untl trculctl 11nli1111l11. ll&C 11ntl PAS �111,nini:, \lllj:. \.IOtl.

Arro,, Points to i.:n,1 rlc ll.'\ion. 

A Control &roup ulonc • \er, �c, ere ukcr
fl R' 11Ptndonc (0 I n1gil.g) • h:\, \C\ ere uk�r

r Rlspcntfonc (0 3 111wl.g) - nuld ukcr

I) k.tar>cridonc (0.S nig l.g) • lcs� nr no ulcer
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Pi!tt 12 ll1i.1olog1cal profilt of thl lrfell of n�1H·r11l11nt 110 1nJ11mt1b11c1n ( \\. ,c .,60

1•d ctltcoi.ih con,lun.11,on (U\, ,c .Cil\11(( I .1011 ctltc11,1b (I)) 101lutcll i:11,tnc uk,r

(1 I 00). 

A • lndomcthac1n

8 • SC.-560 and cclclu,1h ,0111b111.1llllll

C-SC-560

D. C•I '"C:1:0\lb

t. R. 151lCndonc
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CHAPTER FIVE

5.1 DISCUSSION 

lo Ibis stud). lhc anti-gastric ulcer effect of rispcridonc \\"ilS invcstiptcd in male Wistar rats 

ming \\'alcr immersion rcslnllot stress-, SUU'Vntion· and indomcth:icin- ulcer models. In 

aidiuon. the effect of rispcridonc on gnstric acid scaction (GAS), gastric mucus sccretioo 

lG\is). ga.stnc mucus cells count (GMCC) o.nd gastric malontaldchyde �IDA)

1wo11Miun, a mensurc of lipid pcroxicbtion, \\"Cre evaluated in nus. The roles of 

crdooxygcmsc I and 2 inhibitors (SC 560 o.nd Cclccoxib) rcspccti-.c\y on the action of 

l1ir three mdhods adopted to induce gastric ulcer ,n this \\Ork tufumcd IM1 rispcridonc • Ill 

cbsu med mo"''ed anti-ulcer activity It \\'IIS OOSCl'cd that rupcridooc siplfiarul> rcdu0cd 

IICID weer SCOICS, ulcer osea (1,1m1) and pcnmctCT ll'Cll (µm) in a dose-dcpcndcnl £ashian 

1:1)11, ... cd to con1.r0l in WlRS model This ls in 11�ec1ncnt "\\h an earlier stud) \hit� 

l'llpuiJone..trca.tmcnt alleviated the SU'CU ioduccJ wens \\"\lh il'll--,u.sc UI p):mnl lc\-ch of 

u.i.1tos2a0ue, nortpincphtinc, gl!J00$C aoJ wtal ,holmcrol usil1i '1fm models (Sa: ma ad 

� 201 I) nle$C hormones 01e in,ol\� in � The '1q1cc or bi of uk 

111:rr:asa 'lliilh inmas.e in dose of rir� and this coulJ be npwncd fi

�""Ol.lCfl>idS u n, h�
" al 2007) lhAl rcJ!O"Cd \hilt COf\l.: 

in ms Stress tab been rcJlOf'N IO be 

d11e&Jn a(W1 from ukm and is one of die
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commonly used methods to produce ulcer models (Brz.orov.'Ski cl I 2008· K · · ... I a .• • WICCICn Cl a .•

20()7). The ischcmia that results from the stress has been reported to generate free radicals
leading to oxidative damage and thus ulcer formation (Andrcv,-s ci al., 1992). It 1w also been
ttpOl'led that humans also present \\ith � (Kronfol cl al., 1984) and there arc reports that
slio\\'td gastrointestinal ulcers being present in p:ltients v,ith psychosis (Guldnhl cl al., 1977).
Other reports show that certnin antipsychotics such as pcrospiroDc do have l\llti-ulc:cm.ivc
effects (Olden, 200S� Ishida- To),."'Uda el al., I 996). From this study, rispcridone iD cnusiog a
dctrca.se in ulcer fonnation nnd thus gastroprotcction may be doi ng so by either reducing
pwma corticosterone level or reducing the generation of free radicals from iscbcmill. This

study is providing the premise that Rispcridone is reducing the gcncrotioD of  free oxygen 

radicals to elicit nnti-ulccr effects. This observation appears plausible because p:lrt of the 

v.-oo: OD MDA concentration sho\\'Cd that Rispcridone reduces MDA lc\"cls in a dosc-

dcpcndent fashion. 

Rispcridone significo.ntly decreased the mean ulcer score. ulcer areo (µm)1, penxn1.11ge ulcer 

· · d -d nd t mnnncr in St.ar.-ation-indueed ulcer 1rCa IDd pcnmeter (µm) of ulcer ,n a ose cpe CD 

IIDdcl compared to control. This model of ulcer induction o.rc ,n ngrccment "ilh a�bc

097&) that reported I.hat seven days period of sl!ltVlltion consistently produced &JUUic

"'- . . , . (I 958) "'ho both reported that all the ulcers-.auon 1n rats, o.nd olso Roben o.nd NaAnus 

• 0 of the stomach of the ms. The) Ploduced by lhis method occurred In the rumlnnl pon,o 

ation causes g�c ulccntion ma) 
�ed that lhc mcch:mism(s) ,,.-t,crcb) prolonged st.arV 

bt - s:tl resisto.nce to the nc1d content of the gastne
dcit lO an impa.1nnen1 of the gnstnc muco 

. . . 
l1i flhc normal psu,c 1wcc. E,cn

Jllt,c Or lO an enhanced corrosi\'e (i e ulc:c.rogcnlc) c cct o 
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dloUgll Elegbe ( 1978) and Robcn and Ncumis (1958) rcponed lbc effect of the onset of
ukffllion beyond five (S) days of starvBtion, this work modified this model by examining the
paccntagc ulcer nrcn and perimeters of ulcer produced. This has been confirmed by lbc
praent study ,.,,hereby ulcers nrc noticed as from day six (6), llnd death at day (7). Thus day
six (6) \\'l\S chosen as the reference. In lhe prc-.ious \\"Orks, pcn:cntage ulcer area and
perimeter of the ulcer ,.,.ere not calculated. In this study, the paccnto.gc ulcer area \\'ttC

IOliccd to decrease lhus 24% (0.1 mg/kg), 11 % (0.3 mg/kg) Md then to 5.6% (0.S mg/kg),

•\ile the perimeter of the ulcer (µm) decreased from 8430 in control to 3437 (O.lmg/\:g).

2'&8 (OJ mg/kg) and lhen to 2188 (0.5 mg/kg) as shown in T11ble 8. \Vith this reduction in  
lbr areas, risperidone is lhus incrcnsing or stabilizing gastric mucos:.il resistance to gastric 
CIX'losiuo and at the s:ime time, risperidone reduces histamine H1 stimulllted gaslric secretion. 

l'Dtsc t\\o possible reasons m11y therefore support the anti-ulcer mechanism of Risperidonc. 

Also Ibis obsctvation agreed \\ith Hung and Neu et al, (1997) \\ho hstcd some f:ictors that 

llt likely to be involved in the fonnntion of stllJ'Vation-induccd ulcer to include inacasc: in

-........ d · · 
l. of free radicals. reduction in mucosnl C)1.oprotccti\'c-"' _, , 1ncre:isc 10 genera 100

•"--···. d . . 
1 blood no,v and decrease in adcnos,ne supply. Funhcnnorc.

--.ices, re uct1on 10 mucosn 

�)'taemi11 caused by swvation may result in copious s«tction of p.stric ac,d. The

IIBlrit acid back-diffusion o.nd free radicals, l\\'O olTcnsi,e factors related to ulcer fomllllion

c.._ into play (Davenport and Cl\3J'\� 1968) Since the integrity of the pstrie m� i>

t · s concc,.,.able that under norm:il '-ly affcctcd by both offensive and defcnsl\e ftctors, 1 1 

�- • {1i red b y  the S\\'31\0\\'Cd food. \\al(f and
--11W1Ccs, the pure ga.suic juice is diluted and bu c 

*'1,, d ..... jU1tcJ Juodcnalmucui from the pyloric nntrum an rcgu,D 
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,ecrctions.. thus reducing or neut:rulizinn ·ts " 1 corrosi\'c effect on the gnstric mucosa. With
prolonged starVation, the above neutra\izinn factors · . . " IIJ'C present in 1nsuffic1cnt amounts, the
psuit content approximates to the pure fundic secret· · · · 10n 1n its corrosive propcrucs. Under
Ibis condition. the mucosa succumbs ond an ulcer ·,s r.0�d s· ,..: h g1  11 .... � • ,nee nu .. ,cnts sue as ucose
and amino ac ids ore essentials for mAintoining homeostatic functions of gastric cells., it is
pos.siblc that deprivation of food leads to p:ithologic:ll chnngcs of the gDStric mucosa.
hw:lomethacin-induced ulcer model has been reported to be important in investignting the
polffltial usefulness of anti-secretory and cytopro1cc1ive ngcnts \Yhcrc the underlying

pllhoph)--siolo gy involves gastric acid scctetion and mucos3l prosugllllldin synlhesis

(Adioortey et al., 2013). From this study rispcridone in mitig.iling these factors significantly

catscd a dose-dependent significant decrease in ulcer scores, u lcer area (µm)
1
, percentage of

11cc mea and perimeter (µm) compared to the control in indomethxin-induced ulcer model

111d thus increase in the ulcer protection, This ,s simillll' 10 n study by Cao er al., 2004 that

lqloncd pantoprazole sodium causing ulcer inhibition in aspirin-induced ulcer and that this

drcct is mainly due to acid inhibition. II is kno\vn that pure. imdilutcd gnstric juice is an

tlcciedingly corrosive fluid that C4J\ digest and destroy most h'<1ng tissues. 1ncludinr, the

� of the stomnch. The increased ac1d1t) of the glLStnC Juice enhances the effect of the

w....: .  . 
r. Gastric mUCOSll inJury is thought 10 ttSUlt"""'ICllCY of the gastric mucos.i protCCtl\'C ,octors.

� . . . .d. NSAIDs etc.) o,cn,hc\m mUCOSlll pro1cc11,c•&&rcss,vc lum,nal factors (gnsmc nc1 

� (Flemstrom et al • 1982; Allen ti a/., 1993) Risptridonc ma) be mitipUng some

I( d Though S\\'tU1\lU.M ti al., (2005)
� factors (gQS\nc ncid) as shown from lhis stu > 

� that indomcthacin increnscs scrum
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cacbclun or cachectin formerly kno"'11 as Tum N . our ccros,s Factors alpha (TNF- u) an

adipokinc factor involved in systemic inflamm t· __ ., a ion auu mucosa! thiobarbituric acid reactive 
Sllbstanccs (TBARS) at the ulcer site and is responsible for ulcerogeocsis. Rispcridooc
rcduced indomethacin-induccd ulceration by reducing MDA, a metabolite of TBARS and
NSAIDs hove been sho,vn to cnuse ulceration in •'-- nl---' I · f the hu"' .,..wiuu ar portion o stomac 
associated ,vith increase in intragastric ocidity or lo\\-cring of the pH. Thus, rispcridonc in 
reducing indomcthacin-induccd ulceration may be mitigating factors invol-.-cd \vith

illdomcth:icin-induccd ulceration. 

The results obtained from the S1udy on GAS sho\\-ed thn1 rispcridonc nffcctcd the 

nonnal gustrie acid secretory response to histamine (Hi) and pcn13gustrin stimulation. With 

bistamine (Hl) secretory response, there \\US no significant ch:i.nge in the basal secretion of 

gastric acid '"ith the different doses of ripcridone (0.1 mg.I\:. 0.3 mg./kg and 0.5 mg.lkg). But 

•hen histamine (0. I mg/g) \\'OS adminiS1crcd 10 these different rispcridone preue.ucd animals,

Car 0.1 mg/kg there \\"3S complete rcmoviil of the nonn:il response to histllminc. ,vhile for 0.3

IIIC/kg and 0.5 mgll.g there ,,.'OS on initial ri� follo,,'Cd by a dccrc:uc m response rcspecti,-cly.

On pentagastrin secretory response, there "-ere no remarkable changes on the basal secretion

of &astric acid v.,th the d1ffcrcn1 doses of RiSpcridone lO. I m&)l.g, OJ mg/l.g and 0.5 mg/\.g}

ac., �hen pcntagastrin (25 µg/kg) \\'llS injected, there \\'tl.S an initial increase 1n gastric acid

letmod follo\\"Cd by signiliCllllt decte3SC \\ith the different doses of rispcndonc used as

_;__ h '--··l sccrcuon increased "hen pcn\A&astnn "-as
--u, the nonnnl cxpccta1ion "hereby t e -

.._, _. . . .d •r-"- 10 cause a complete inhibition. 
__,llfllSltred From these obscr\auons, nsrcn one ...--

"'--•. • \\.lS 1)31\lll inhibition indicating partial
�& H1 rcccp1ors, but with pcntai;a.stnn, the1'C 
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inhibition of  CCK-B receptors for gastrin ln bolh cas•,.. GAS · · ·Ii ti _ _. ed h.l 
• 

.-.., IS s,gru lCall y , .... uc • w I e
dim may be 8 significMt depression in intracellular free Ca1•. It is generally accepted that
gutrin aclS mainly by releasing histamine from the eotcrochromaffin-like (ECL) cells i n  the
oxyntic mucosa, so also &om actions on parietal cells where they arc equally distributed
(Prinz, 1994; Sandvik et al .• 1998). Furthennorc, it has been reported that prostaglandins do
cxat inhibitory effects on p;uictal cells (Soll. 1986). From this study, apart from antagonizing
H2 and gastrin CCK-B receptors, risperidone moy olso be po1coti11ting the elTcct of
endogenous prostnglnndins leading to inhibition of gastric acid secretion. Acc1ylcholine rrom

oen'C endings have been sho,vn to nets by t,vo possible path,vays. First is the relcnsc of

bistamine C'rom the ECL cells, \\hich lhen stimulate acid production (\Vollin. 1987) and 

!ofl00odly, by interaction with muscarinic (M1) receptors on the oxyntic cells resulting in 

iDaeasc in intracellular calcium concentration (\Vilt.es ct al. 1991). Thus.. the inability of  

nspcridonc \0 dccrc:uc acid secretion ofter cnrbochol administration m:1y be due to its not 

dfecthcly antagonizing the muscruinic receptors, e,·cn though histamine rclca.sc has been 

lffec1cd. 

From this \\Or\., there \\-U si&nificant increase in gastric mucus sccrcuon

( · """"d 10 lhe control rots. Sim1h1r\y, �c 111i'& US.SUC) in the nspcridone-trC4tcd rotS com.,-· 

-...led. rcase "ith increasing doses of rispcridonc.'-us ctlls count (GMCC) sbo"cd a ..,_ ,nc 

TIit ""'··bl I . I"·· ly be linked to potenuo1ion of endogenous pro1ua\lllldua.
.... �, e exp 11ru111on moy u.c 

� . thcsl li\.e that of Kem ti al., \9&2, t-lcQuc:cntral other "OntS nre in support of this hypo s, 

all re ncd lhrccfold increase in mucus
"°' 

,19&3; Allen Md Carroll, \9&5, Allen, 1989 '""° po 

t.. . �-us secrctin "� admirustercd. The
.., . . ,n�' .... v Cf thickness when topical prost.oslnndins and 
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tillld)' ofNishizw tt al., (1994) also o�cd that cimctidinc Ind pros,aa}andin Ei (PGE2)all
-.,,sect mucus la)·cr \hic\J\css by up to one-third. Pan or lhls v.-or\ showed 1h11
�ecin caused gastric dnmagc that IS similar \0 that ot.n-.cd v.\lh the combinat.ioci of
t'OX-1 (SC- 560) 11nd COX-2 (celccoxib) inhibilOC'S. Rispcridonc red�cd the pstnc damaat

111 tbc mucosal 1n both c:nscs The observation ,,.-as thnt COX-I and COX-2 s,vcn in 

can,bination pro,idcd lhc s:i.mc tt:SUhs slmi.lM \0 thnt or 11,domc:tbarni aklar V.'bm

a� \\'U gi,cn \\-ilh c:ich or these COX 1nhib1tors, it produced a Jipf<¥C drop ill 

- ILOICS. Su�,cly. SUICC lhcrc lll'C t\\-0 pllh9.'2)"S or promglandim "}UN sis \U

rox-1 111d COX-2. rispcridooc mny therefore be in.,..o\vcd in m'Ct'SUI& the iohlliilory c:ffecu 

al dlt inbibiton m any of lhc t\\'O p:1th\\"a)'$. This suppccssion or both COX· I 111d COX-2 

Clll;Wid orrc SAi)' for NSAID-inducefi psuic d3magc in the ra1 is .:ousissma v,1\b a mm,hc:r 

al sm� findings l\nd in agreement with other studies !hit confinncd thnt inhibition mbo&h

COX-I 111d COX-2 an required for ,nduclion of psuk mucnnl d.un:l.c (V.aJI>---: d at .. 

l!XK>; Gruza tt al, 1001; TM11\1 tt al .• 2002) From the lfflllts. nspcri.ioac Im) bc 

fl 7 • • the tr. r _ .. _ N'M.l.9ft1--t·- v.b!ch hai been ccponed., be al\"Oh�
-·I IIIIOI Cucct O ClUU� r-&--u.,. 

• --1 b"carboosLC sccrctioo (�'alb,...--c, • ).
• IDl,µqJ defense, SUmUlallOD Of mucus _, I 

� bu also been reported to be impurtanl ,n ul«r hcalU!I and potc\.Uln of

tz »al from ditcati,c ju cc (Stno tt ul. 19�. \\'aUIC"', 2 ).

Nonsinoida1 an11,infilfflffllll0f) ilru (N:>Allb) � v.i.kl)

r 
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COX·l and COX-2 inhibitors (SC-S60 and Celcco "b) Ris -00 . XI , pen DC reduced the gastric 
damage to the mucosa.I in both cases. The results also sho\\"Cd that scparute administration of
\be selective COX-l inhibitor (SC-S60) and \he selective COX-2 inhibitor (Celecoxib) "ith
rispcridone respectively did not cause any e.�cnsive damage to \he stomach mucosa. 1nc
results obtained from the study is also in line \\i\h other repons that sho,vs selective inhibition
or COX-2 being llSsociated ,vith significantly less gtl.Slric erosion fonnatioo both in �imals 

111d humnns (Masferrer el al., 1994; Chan et al., 1995; Simon et al., 1999. Laine et al., 1999). 

Wallace ti al., (2000) reported that the ability of NSA10s 10 induce g11Str0in1cstinal injury

depends on the inhibition of both COX-I o.nd COX-2. Thus, from the fCS\llls oblllincd in  \his 

-.'Ork. the adverse reaction ofNSAIDs in the gastric mucos:l may no\ be 11Ct.Oun\cd for solely 

b) \be inhibition of COX-I, it nlso requires the inhibition of COX-2 as \\'ell. Toe result from

lbt study showed that rispcridone lessens the activit) of COX-1 and COX-2 inhibitors iis the

dana&ing effect of NSAID's has been sbo,,'ll 10 reduce mucus gel lhiclncss by impairing

fwthcr the function of the barrier layer of the stomach mucosa (Ross ct al., 1981).
L ,t.. fli . . . �mA -·-It"" \hcfC \\"&S a si-"ican\ dose-• ""' c cct of nspcndone on gastnc ,. con ...... u .. .,.., ti""' 

�\ decrease ,vilh 0.1 mgll.g, 0.3 mg/\.& and 0.5 mg/Kg risperidonc \\hen comp:ucd to

� eootrol. Ho\\-cver, it is known th.Ill indomclhnc10-1.11duccd gastric dnmnge lS rcacu,e

· 
nJ · t I 1998). Other reports 113\-c Ol)&cn species (ROS) m ediated lipid peroxidauon ,.,lll\O e O " 

io.t...... .  • lay an appreciable role in hc3li� psuic-,ed that scavenging these free nubcals may P 
o1-._ 

1 al !999) Rtsperidonc bib a strona-n (loguercio et al., 1993; Band)O�)"IY t 

. . . Id be II aooJ l'Cll,SOn for �\'fflUOn orltdiacing effect on lipid pcroxidauon 111\d this cou 

...__ • bsc'nCC of• reducing a,cn1 \Ile
� damage llw may h:i,c been produced in 11 
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� Defensive factors such ns mucus and d cd 1. . . . re uc 1pid pcrox1dallon protect pslrie
• • 

autf>SI against a ,1111cty of noxious nncnts-ind d .,___ · · -o uce u...tw&cs. There ',\'Cfe s1grufican1
ir.Jca,c:s i" mucus SCCrction and cell counts respectively in the rispcridonc treated animals,

The thiobarbituric acid reactive substance (fBARS) has been used as an indic:at0r of lipid 

pcnrudalion or free rodicnl scavenging activity in biological samples (Utcly er al. 1973). 

1licse radicals llrC nlso in,olvcd in acute mucosa! ulceration induced by indomctha,cin

(Vmm:n fl al .. 1991). The product of these free radicals, the lipid peroxides. can elicit 

iisn inflammation (Link. 1993). The inhibition of c)clooxygcnasc (COX) c:nzymcs inrlnccd 

"7 iDdomctbacin leads to the depiction of endogenous prostngl.andins lhu,, leading \0 decrease 

al psnic inucus production (Nam et al., 2005) and gcncrauon of rcacti,c o.qgm species. 

-.la .re implicated in the p:ilhogcncsis of ulceration (Corficld er cu, 2001). Rispcndoar 

- fonnd to sca,cnge reactl,e oxygen species as e11idcn1 in its abilil) IO dcocac lipid

faalidatioo IC\cl. The impolW\l roles of o,ygen-deri�cd ROS and hpid pcro:udc:s (\.PO) in 

._ pstnc lesions, v.1uch � induced by nonstm>1Jal an11-U\llmruNtor) drop • SAIDs) 

_. • indomcthacin. ha,c been supportoi by c.,pcruncnw d.m (Jainu IDd Oc\i. � 

a.,.. tt al, 2006) Similarly, indomcth.lcin MS been lhov.u 10 pro,Jua: d:nn'IV ,u

-=C1Sina mucosa! �1DA k,cb in g,1uric tissue (0Jablso&lu '' al .. iool). l�abo

q- cs Pllric d.tma&c by not onl) inbibiun& t)toproto:u," pu>UabnJ1n 1)'11lhcm. bit

., � antioxidant mecharusms. such as t,tOA ThuS. rispcridonc�iach -...sues en !Ii ...._ !.a.... mectianivm \n ... ... ll!K'C 
Ctr dfccu by acu,lllloo of onuo:i....... � 

t,cml cdsn�btwucdJ:n:li
-a Plrinlt"lm ha\"c been dlov.ll '°

1i1Ctn (ltusan ,, al., 199 ) The ro1d ofto• 0'' �lnh
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., be m,-ol,'Cd in indomethacin- induced pstric damage u wu dc1crm.ined ill

cs»flllt,ogcncsu in a study by Naito ti aL. (1998). This study showed that rispc:riclooc

tipificantly pm·entcd the negati\-'e effect ofindomcthncin on psi.ric MDA la-els It all do9cs

.t lbaeascd levels of reactive oxygen species (ROS) arc inchaucd 1n the mcdanian of 

llalb ,um and indomethxin-induccd gastrie damage (ltoh and Guth. l91S) &cusi� 

podut1ioo oft.IDA and other reactive rodicals cause oxidative daraage v.1uch is ttpcw-111--d 

bJ iw:asuring lipid pcroxidntion le..,els (Pc�lta ct 111., 200 l ). Lipid pcro�llioo is m 

; .rw reason for cell mcmbnu,c damBge; �tDA is the end product of li-pid powidatm 

ad is used to dacnninc lipid pcroX1d:nion levels (Nielsen ti al� 1997). 1n Ibis ""Ori;. psu ... 

MD� a:n:c1h41ion levels decreased ,vith inc-rcasing nsperidone ueuttn"all. 

His\olog)' muled reduced gnstric ulccratioo in lhc entire rispcridont pets, 11td 

ft•t- campmed 10 the cont:rol Histological studies confirm tbcsc results b) sbov.iq 1be 

ICUi.itllCt or mucosa} ulcennion llJld lhc damage of cp1thclial D00 WilW prop.a cells izl \be 

tt&d anioals com� to lhe nspcridone treated groupl that 1hov.� • �'l'.ldo!l 

•t1u-,1oa of ulcer. The \'"arious histological plates confinned the saona role or,�

. mJ lalu,i of •• 
• tit llliCrOlncl, tbl1 it can be efTecu,e III the complete pmcntlCI\ 
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CHAPTERSLX

6.1 CONCLUSION 

The result of this study SOO\Ved that the mechanisms of the anti-gastric ulcer activity 

rispcridone include reducing ulcer scores through potentiating prostaglandins sec,etion. 1t 

also includes reducing histamine and pcnlllgastrio stimulation of gastric ncid secretion 

lhrough the blocking of H1 nnd CCK-B receptors for gastrin. Risperidone decre.3SCS lipid 

peioxidation (MDA concentration) level by mlll\ifcsting an increased nnti-oxidnnt activit), 

inaeascd gastric mucus secretion and gastric mucus cells counL All these effects contribute 

10 its gastroprotcclive, nnti-sccretory acti\ity and up-tq;ui!!ling octi,ity on cyclooxygen:uc 

6.2 RECOMMENDATION 

lhis work reveals lhnt rispcridone, nn nnti-psycbollc drug used in the nuuugcment of

be 1.--ficiol for the nunagcment of p:uienLs
Pllthotic and schizophrenic symptoms may "'""' 1 

Pt'Cscnting Y.ith gasuic ulcer. 
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• Blockage

Does Rlsoeridone have anti-ulcer effect?
J Ulcer models used 

r I l 
lndomethadn

CDX·I IJC,S(OJ 1N1 w
CDX,l (c.ltcxid,J
WilillloootlG

,,.,.,_lls 

[ WIRS J [ StaMtlon j
I 

Possible pathways for anti-ulcer effect

Histamine• 

Gastrln• 

Carbacol (1) 

............. 
• �MCll•t
. .._we,.,

Fi 
I tri ulcer cffcct of rispcridonc. 

'tnrc 27 Proposed mcchonlsm5 ofU1e nnl •gas c 
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APPENDIX

STARVATION INDUCED-ULCER

o.oimol Control O.lmg/kg

I. 6.0 

2. 5.0 

3. 4.0

4. 7.0

5. 6.0

6. 5.5

7. 6.0

8. 5.0

Mr.an 5.563 3.500 

SEM 0.3196 0.1890 

4.0

3.0 

4.0 

3.0 

3.0 

4.0 

4.0 

3.0 

O.Jmg/kg 0.Smg!kg

2.0 

1.0 

3.0 

3.0 

2.0 

2.0 

1.0 

1.0 

1.875 1.12S 

1.0 

o.s

o.s

1.0 

2.0 

1.5 

1.0 

1.5 

0.29S0 0.1830 
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INDOMETRACIN INDUCED -ULCER

Animuls Control 

I. 6.0

2. 6.5

3. 5.0

4. 6.0

5. 7.0

6. 5.5

7. 7.5

8. 8.0

_ t.fcan 6.438

SEM 0.3S90 

0.lmg/kg

5.5 

6.0 

5.0 

4.5 

4.0 

5.0 

4.0 

5.5 

4.938 

0.2577 

0.3mg/kg 0.5mg/kg

2.0 1.0 

3.0 2.0 

2.5 1.0 

2.0 1.5 

1.5 1.5 

1.5 2.0 

2.0 0.5 

I.S 1.0 

2.000 1.313 

0.1890 0.1875 
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\VATER mtMERSION RESTRAINT INDUCED-ULCER (\VTRs)
Animal 

I. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

Control 0.1 mg/kg 0.3mwkg 0.Smrfkg
S.5 S.O 2.0 1.5 

Mean 6.063 

SEM 0.3196 

5.0 

6.0 

5.0 

7.0 

6.5 

6.0 

7.5 

4.000 

0.2988 

4.S

4.0 

5.0 

3.5 

3.5 

4.0 

2.5 

2.5 

3.0 

1.5 

1.5 

2.0 

3.0 

2.5 

2.250 

0.2113 

1.0 

2.5 

2.0 

1.5 

1.0 

2.0 

2.5 

1.750 

0.2113 
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PENTAGASTR.lN INDUCED GASTRIC AClD SECRETION (GAS) IN 

RISPERIDONE TREATED RA TS (mean : SEl\1) 

Time (mins.) 

Control 

0.lmg/kg

OJmg/lcg 

O.Smg/kg 

10 

0.92 

:t:0.03 

0.72 

:t:0.06 

0.73 

±0.07 

0.58 

±0.05 

20 30 

I.OS 1.43 

:t:0.08 ±0.14 

0.90 1.02 

:i:0.07 :i:0.07 

0.87 0.88 

±0.06 :i:0.12 

0.53 0.80 

:i:0.03 :i:0.05 

40 50 60 70 80 

1.72 2.93 3.35 3.67 3.27 

±0.21 ±0.081 :t:O. I 3 *0.10 ±0.05 

1.53 1.88 1.52 I.SO 1.35 

±0.06 :t:0.02 ±0.05 :t:0.05 :t:0.04 

1.35 1.83 1.38 I.IS 1.07 

:i:0.08 ±0.03 :t:0.07 :t:0.04 :t0.10 

1.15 1.72 145 I.I 8 1.12 

*0.1 I ±0.07 ±0 12 :t:0.0 .t.0.0) 
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CARDACHOL INDUCED GASTRIC ACLD SECRETION (GAS) IN RISPERIDOl''E 

TREATED RATS (mean* SE!\1) 

Ttmc (mins.) 

ConlJ'OI 

0.lmg/kg

OJmg/kg 

0.Smg/kg

10 

0.37 

± 0.06 

0.57 

± 0.07 

0.60 

± 0.04 

0.47 

::i0.08 

20 

0.43 

± 0.07 

0.6S 

±0.08 

0.7S 

±0.07 

0.53 

::i0.11 

30 40 50 60 70 80 

0.S2 0.6S 2.47 2.72 2.67 2.8S 

z0.13 ¼ 0.16 ± 0.14 ± 0.06 ±0.07 ±0.08 

O.S5 0.73 2.12 2.62 2.63 2.63 

¼0.06 :t0.07 ±0.08 ±0.06 :t 0.07 z0.06 

0.6S 0.83 

±0.06 ¼0.07 

0.60 0.62 

:t 0.11 :l.0.07 

2.42 2.68 2.67 2.53 

± 0.08 :t 0.07 :i:0.06 ¼0.12 

2.40 2JO 2.30 2.40 

:t 0.10 :t 0.08 ¼O.OS ¼ 0.06 

�-----��- ---���--�----
---
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GASTRIC MUCUS SECRETION (GMS)

Rats 

Control 0.1 mg/kg 0.3mg/kg 0.5mglkg 

I • 0.652 1.400 1.200 1.750 
2. 0.661 1.600 1.500 0.610 
3. 0.600 1.000 1.700 0.520 
4. 0.400 0.780 1.100 1.170 
5. 0.590 I. I 00 I. 100 1.500 

6. 0.580 0.673 1.700 1.700 

7. 0.593 1.130 1.480 1.870 

8. 0.697 0.780 0.710 1.990 

Mcan0.5966 1.058 1.311 1.389 

SEM 0.03171 0.1137 0. 1217 0.2001 
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GASTRJC MUCUS CELLS COUNT (GMCC)

Animal Control 0.1 mg/kg 0.3mg/kg 0.Smg/kg
I 103.0 131.6 130.6 129.4 
2. 105.8 117.0 140.4 115.0 
3. 87.8 123.0 116.2 136.0 
4. 97.0 94.2 128.2 140.4 

5. 108.0 107.4 123.0 138.2 

6. 97.2 136.2 129.2 137.6 

7. 128.2 130.0 130.0 114.4 

8. 99.6 129.8 131.4 123.4 

_ Mean 103.3 121.2 128.6 129.3 

SEM 4.182 5.044 2.459 3.726 
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TABLE OF EFFECT OF RISPERIDONE ON INDOTIIEI\\ACIN, 

CVCLOOXYGENASE l (SC S60) AND 2 (CELECOXIB) INHIBITORS INDUCED

ULCER 

Rats lndomet SC-560 Risp. Risp.+ SC-560 Risp. Risp. 

+ Cel +lndome1 + Cel + SC-560 + Ccl

' 6.2 5.0 1.5 2.0 0.0 0.0 

2 4.5 4.5 2.5 I.S 0.0 0.5 

5.5 2.0 2.S o.s 00 
5.S

6.0 I.S 1.0 o.s 0.5 
4 5.0 

2.0 1.5 0.0 0.0 
3.5 3.S

I.S 0.0 0.5 
6 4.0 2.5 \.0 

2.0 o.s 0.0 
7 3.6 3.0 \.S 

1.0 0.0 0.0 
g 4.2 4.0 I .0 

\.6 
0.2 0.2 

4.3 1.6 t.ic:m 4.6 
-

O.l O.l

0.4 0.2 
0.2 

SEt.i 0.3 
-

lndomcth- lndomethll.cin (40mFJlcg}

Cele • Cclccoxib(ISmg/\,8)

Risp . Risperidone (O.Smgl\.g)
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MALONDIALDEIIYDE CONCENTRATION (MDA)

Animal Control 0.1 mg/kg 0.3mg/kg 0.5mg/kg 
1 . 0.2481 0.1987 0.1987 0.1077 
2. 0.2340 0. 1763 0.2026 0.0949
3. 0.2885 0.1647 0.1436 0.1347
4. 0.2289 0.2128 0.1705 0. 1090
5. 0.2692 0.2218 0.1744 0.1000

6. 0.2949 0.1795 0.1897 0.1039

7. 0.24 1 0 0.1859 0.1827 0.0885

8. 0.2500 0.2115 0.205 I 0.1115

Mean 0.2568 0.1939 0.1834 
_.::SEM:::'..o'..._.�oo:.:8:.:74:.:2�-o-.-oo -1-

1
9_9_--:::0-::-.001252 

0.1063 
0.004883 
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