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Abstract

Traditional use of antacids and use of histamine inhibitors have become ineffective in the management of peptic
ulcer. Irreversible inhibition of proton pump although reduces ulceration, in the long run leads to adverse issues. It
has not been possible to develop an ideal proton pump inhibitor. In this scenario, search for alternatives by
capitalizing on the multifactorial etiology of ulceration holds promise.
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Introduction
An ulcer occurring in the lower end of oesophagus, in the stomach

usually along the less curvature and in duodenum is known as peptic
ulcer or duodenal ulcer. It is associated with symptoms including
epigastric gnawing, heart burn, acid eructations, nausea, vomiting,
belching, bloating, anorexia, haemorrhage and anaemia.

Peptic ulcer occurs due to an imbalance between mucosal damaging
(acid, pepsin) and protecting (mucus, bicarbonate, Prostaglandin E2
and I2) mechanisms. Acid secretion is a physiologically important
process of the stomach as gastric acid induces pepsinogen activation to
initiate digestive process and kills bacteria and other microbes
ensuring a stable intragastric environment [1]. There are three
endogenous secretagogues called positive regulators of acid secretion.
They are acetyl choline, histamine and gastrin [2-5]. Prostaglandins
(PG E2 and I2) act as negative regulators of acid secretion. An
imbalance in these regulators leads to peptic ulcer [6]. Another cause
of Peptic ulcer is the Helicobacter pylori infection. This infection has
no direct role but can induce the immune system which results in
superficial gastritis and when it becomes chronic it gradually results in
peptic ulcer [7]. The secretion of gastric acid occurs at the level of
parietal cells of oxyntic glands in the gastric mucosa, producing 2-3
liters of gastric juice per day (HCl of pH 1). Based on the involvement
of multiple factors in peptic ulcer [8], several therapeutic strategies
have been adopted against it.

These, include suppression of the aggressive factors with use of
antacids, specific antagonists of muscarinic -M1 receptors, gastrin
receptors, histamine-H2 receptors, proton pump inhibitors (PPIs),
mucoprotective agents, eradication of H. pylori and analogues of
prostaglandins. Research for development of antiulcer agent, aims to
address one or the other of these issues.

Drugs Reducing Gastric Parietal Cell Stimulation in
the Primary Level of Acid Secretion Process
Therapeutic strategy for treating ulcer at the molecular level

generally involves reducing acid secretion by inhibiting receptors/
mediators at the initial level, intermediate level and final level of acid
secretion. In the initial level, the strategy aims to reduce secretion by
preventing stimulation to transmitters including histamine,
acetylcholine and gastrin. The intermediate level mainly involves
interference on the role of carbonic anhydrase in promoting acid
secretion. In the final stage it is the proton pump (H+ K+ ATPase)
which has been the target for inhibition to reduce acid secretion.

Acetylcholine inhibitors: Pfeiffer [9] suggested that secretion of acid,
mucus and pepsinogen in the gastric mucosal is stimulated via
muscarinic receptors. Over expression of M3 receptors in duodenal
ulcer patients is proved by autoradiographic techniques; thus blockade
of this receptor subtype will reduce the pain by decreasing the
duodenal motility and provide an effective anti-secretory therapy.
Based on the high affinity to block the muscarinic receptors on the
intramural ganglia of stomach wall, pirenzepine was developed as an
anti-secretory drug, which was followed by telenzepine, a more potent
derivative with improved healing rates [10]. Parasympathetic side
effects [11] of these agents include dry mouth, blurred vision and
constipation. These side effects along with their incomplete inhibition
of gastric acid secretion limit their clinical utility.

Histamine inhibitors: H2 receptor antagonists competitively inhibit
the interaction of histamine with H2 receptors, thereby reducing both
volume and H+ ion concentration of the gastric juice. They are
selective and have little or no effect on H1 receptors. They also inhibit
acid secretion elicited by gastrin, muscarinic agonists, food, sham
feeding, fundic distension, as well as, other pharmacological agents.
They also inhibit basal and nocturnal acid secretion. This effect
contributes in a major way to their clinical efficacy. Black et al. [12]
identified H2-receptor and prototype H2-receptor antagonist,
burimamide. The potency of burimamide at inhibiting gastric acids
secretion far exceeded than that produced by anticholinergic drugs and
was devoid of side effects. However, it had poor bioavailability which
was subsequently replaced by metiamide [13] which also because of its
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side effects like agranulocytosis, was withdrawn from the clinical trials.
Price [14] reported cimetidine as the third H2 receptor antagonist to
be tested in humans and was similar to metiamide in its
pharmacological profile, but did not cause agranulocytosis. Discovery
of this molecule reduced the necessity of surgical procedures for peptic
acid diseases. Further, ranitidine [15] was introduced as more potent
drug in 1981 with a much superior safety profile. Third and most
potent antagonist was famotidine available for clinical use, being 20-50
times more potent than cimetidine and 6-10 times more potent than
ranitidine [16]. It was also used once daily. Roxatidine reported by
Pioch [17] and Nizatidine reported by Berardi [18] followed
famotidine. Each of these drugs are rapidly absorbed and eliminated
after oral administration.

H2 receptor antagonists are generally extremely safe drugs with
incidence of adverse effect of cimetidine less than 3%. Adverse effects
include dizziness, nausea, skin-rashes, somnolence, confusion,
impotence, gynecomastia, hematological effects and altered function of
immune system. Rarely may they cause bone marrow depression,
hepatitis, and anaphylaxis. However in chronic as well as acute cases of
ulceration, their effectiveness is far from satisfactory. Because of this
they are increasingly replaced by proton pump inhibitors.

Gastrin inhibitors: Gastrin is a peptide hormone that stimulates
secretion of gastric acid (HCl) by the parietal cells of the stomach and
aids in gastric motility. It is released by G cells in the pyloric antrum of
the stomach, duodenum, and the pancreas. Gastrin binds to
cholecystokinin B receptors to stimulate the release of histamines in
enterochromaffin-like cells, and it induces the insertion of K+/H+
ATPase pumps into the apical membrane of parietal cells and releases
acid into the stomach [19]. Gastrin stimulated acid secretion is
inhibited by gastric inhibitory peptide (GIP), secretin, somatostatin,
glucagon, calcitonin. Somatostatin is a potent inhibitor of gastrin-
stimulated acid secretion by activation of somatostatin receptor type 2
(sst2) in vivo, probably in part by blocking gastrin-stimulated
histamine release from enterochromaffin-like cells expressing sst2 [20].
Cholecystokinin (CCK) inhibits gastrin secretion independently of
paracrine somatostatin secretion [21].

Drugs Reducing Carbonic Anhydrase (CA) Activity in
the Intermediate Level of Acid Secretion
The involvement of CA I and CA IV in gastric acid secretion, effect

of CA inhibitors in reducing HCl secretion and their healing effect on
gastric and duodenal ulcers is well documented [22]. In vivo results,
performed in humans, show that omeprazole inhibits not only H+/K+
ATPase, but also CA II and CA IV, isozymes present in large quantities
in the cytosol, in the walls of the secretory canaliculi, and in the
parietal cell membrane. Further, gastric acid secretion is inhibited in
humans after oral administration of acetazolamide in therapeutic
doses of 25 mg/kg of body weight [23]. Acetazolamide exhibit antiulcer
action in acute experiments because of inhibition of CA-II, but its
effect on Gastric ATPase is not clear.

Sulfonamides with the general formula RSO2NH2 constitute a wide
class of inhibitors of the zinc enzyme carbonic anhydrase (CA).
Acetazolamide, a classic sulfonamide drug has also been reported to
reduce gastric acid secretion commensurate with gastric carbonic
anhydrase inhibition [23]. Correlating in vivo results with the data
obtained in vitro suggests that gastric mucosa CA I, II, and IV
inhibition is induced by sulfenamide, the active form of omeprazole.

Thus this class of compound can be interesting leads for further
exploration of anti ulcer action.

Drugs Inhibiting Gastric ATPase in the Final Level of
Acid Secretion

Proton pump is the ultimate mediator of gastric acid secretion by
parietal cells [24]. With the identification of H+/K+-ATPase as the
primary gastric proton pump, it was proposed that activation of H+
secretion occurred by incorporation of H+/K+-.

ATPase rich tubulovesicles into the apical plasma membrane and
the pumps were re-sequestered back into the cytoplasmic
compartment on return to the resting state. Currently this is achieved
by blocking the irreversible H+/K+-ATPase inhibitors, popularly
referred as Proton Pump Inhibitors (PPIs). They bind to the gastric
proton pump on the parietal cell membrane, inhibiting the release of
hydrogen ions from the parietal cells into the lumen of the gastric
glands and hence stomach.

Inhibition of H+/K+-ATPase as a means of controlling gastric pH
has attracted considerable attention in recent years with the discovery
of benzimidazole sulfoxide class of antisecretory agents. Timoprazole,
as one of the first well-defined inhibitor of gastric proton pump [25],
which was followed by more potent picoprazole and omeprazole [26].
Chemically, the basic structure consists of substituted benzimidazole
ring and a substituted pyridine ring connected to each other by a
methylsulfinyl chain. Clinically used PPIs include Omeprazole,
Lansoprazole, Rabeprazole, Pantoprazole and Esomeprazole.
Irreversible inhibition of H+/K+-ATPase occurs following acid
activation of these compounds within the acidic compartments in the
parietal cells and covalent binding, with C813 residue of gastric H+/K
+-ATPase [27]. The draw backs relating to use of irreversible proton
pump inhibitors includes extreme acid suppression sometimes leads to
achlorohydria at recommended doses and that may produce enteric
infections like typhoid, cholera, and dysentery [28]. Significant drug
interactions can lead to decreased absorption of some drugs like
griseofulvin, ketoconazole, vit.B12, iron salts. Other side effect includes
abdominal pain, diarrhea, nausea, and headache. Acute interstitial
nephritis progressing to acute renal failure has also been reported to be
associated with the use of PPIs. Prolonged inhibition of gastric acid
secretion has been associated with the formation of precancerous
changes in human gastric mucosa and gastric carcinoids in long term
animal studies.

So the research efforts are currently targeting to obtain reversible
proton pump antagonists. Imidazopyridine based compound
SCH28080 was the prototype of this class and the anti-secretory effect
of this compound is mediated through gastric proton pump [29]. SCH
28080 is a protonable weak base (pKa -5.6); hence like omeprazole it
accumulates in the acidic compartments of the parietal cells in its
protonated form. SCH 28080 is chemically stable even after
protonation, is itself active and does not need an acid-induced
transformation, as required by omeprazole and its congeners [30,31].
SCH28080 binds non- covalently with gastric H+/K+-ATPase but was
withdrawn due to serious hepatotoxicity.

Drugs with other Mode of Action
Antacids: Naturally occurring carbonates, potash, bismuth were

used as antacids more than century ago [32]. Since then, they have
been developed and are currently widely used. Antacids neutralize HCl
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to form water and carbon dioxide. Hydroxides of aluminum and
magnesium are the most common constituents of antacid preparations.
Sodium bicarbonate, calcium carbonate are also used with silicates and
phosphates. Simethicone, a surfactant that may decrease foaming and
thus, esophageal reflux, is part of many antacid preparations. However,
use of antacid is limited to acid neutralization only and does not affect
hyper acid secretion. Besides they suffer from other limitations.
Sodium bicarbonate, which is used as a systemic antacid causes
alkalosis. Magnesium, aluminum and calcium salts act locally and are
less likely to develop alkalosis, but magnesium salts cause diarrhea,
whereas aluminum and calcium salts cause constipation

Anti H. pylori drugs: H. pylori are a gram-negative rod shaped
bacilli that colonizes in the mucus on the luminal surface of gastric
epithelium H. pylori infection causes inflammatory gastritis and is a
putative contributor to peptic ulcer disease, gastric lymphoma and
adenocarcinoma. Infection may not always be causative as ulcers may
recur in patients who have undergone successful eradication
treatment. Double or triple antimicrobial therapies, in combination
with antisecretory drugs, are useful against H. pylori infection and
associated peptic ulcers. Bismuth compounds are also been included in
regimen probably due to their cytoprotective action. Triple therapy
with metronidazole, a bismuth compound and either tetracycline or
amoxicillin for two weeks is recommended to treat H. pylori
infections. However, the therapeutic limitations of this triple therapy
include complex regimen and related nausea, diarrhea and dizziness
[33].

Prostaglandin analogues: There are a number of prostaglandin
analogues like arbaprostil, enprostil, misoprostol, rioprostil and
trimoprostil. They are inferior to H2-receptor antagonists as regards
their effects on ulcer healing, pain relief, and relapse prevention and
less effective than expected from their acid inhibitory action. They also
possess cytoprotective property. They may prove useful as replacement
therapy in patients requiring nonsteroidal antiinflammatory drugs
[34].

Mucoprotectives: Sucralfate, a basic aluminum salt of sucrose, was
the first successful drug with a major cytoprotective mechanism of
action. It binds bile acids and pepsin and adheres to both ulcerated and
nonulcerated mucosa. Sucralfate stimulates the synthesis and release of
gastric mucosal prostaglandins as well as bicarbonate and the
epidermal growth factor which stimulates healing. Sucralfate is the
safest drug available today in the treatment of dyspeptic symptoms
[35]. Bismuth therapy has shown efficacy against two major
gastrointestinal disorders: peptic ulcer disease and diarrhea. In peptic
ulcer disease it is as effective as the H2-receptor antagonists, costs
considerably less, and offers a lower rate of relapse. When Helicobacter
pylori are implicated, bismuth acts as an antimicrobial agent,
suppressing the organism but not eliminating it. In recent studies,
bismuth compounds have been used with conventional antibiotics,
producing elimination of the organism, histological improvement, and
amelioration of symptoms for periods longer than one year [36].

Stress modulators: Stress causes both sympathetic and
parasympathetic stimulation of stomach leading to local hypoxia (near
or actual “ischemia”). The ischemic condition caused an increase in the
levels H2O2 which in conjugation with O2 generates OH–ions which
oxidized various cellular constituents such as proteins, membrane
lipids and depletes glutathione. Lipid peroxidation causes loss of
membrane fluidity and loss of cellular function [37]. Present studies
have implicated the role of free radicals on lipid peroxidation in the
development of ulcer [38].

Natural products: Wide research has been undertaken in order to
establish natural product as stress modulators against ulceration.
Treatment with ethanolic extract of seeds of E. jambolana significantly
decreased the LPO levels of gastric mucosa against CRS-induced
changes in LPO in rats [39]. The phenolic compound rosmarinic acid
from Rosmarinus officinalis Linn has shown therapeutic potential in
treatment of peptic ulcer disease [40]. The protective effect of liquorice
and its derivatives including deglycyrrhized form was reported by
Dehpour et al. [41]. The preventive effect of natural xanthanolides on
ulcer formation in rats was confirmed by Favier et al. [42]. Solon, a
synthetic isoprenyl flavonoid derived from sophoradin from the root of
an ancient Chinese plant Sophora tonkinensis, administered orally to
rats prevented dose-dependently the formation of acute gastric lesions
[43]. Aparisthman from Aparisthmium cordatum reduced significantly
the formation of gastric lesions as well as volume of gastric juice as
compared with control in the pylorus-ligature model [44]. Although
the mechanism underlying this anti ulcerogenic effect of antioxidants
remains unknown, it seems to be related to an increase of the defensive
mechanisms of the stomach and acting as scavengers against free
radicals and prevention of lipid peroxidation.

Free radicals, especially reactive oxygen species in living cells leads
to pathogenecity of various diseases including hepatic diseases,
cardiovascular diseases, atherosclerosis, diabetes, cancer and ulcers in
gastrointestinal tract. Figure 1 explains the pathogenesis of ulcer
stimulation due to activation of free radicals. Due to increased lipid
peroxidation mucosal cell integrity decreases leading to ulcerogenesis
in GI tract. Several works have been reported where natural products
with good antioxidant action have shown strong antiulcer activity.
Although these reports do not elucidate the mechanism, a holistic
approach is believed to explain those findings.

Figure 1: Pathophysiology of ulcer relating to oxidative stress.

Amino acids: Amino acids (AAs) make up 75% of the human body
which are essential to nearly every bodily function. Every chemical
reaction that takes place in a human body depends on AAs and the
proteins that they build and these are typically found as components in
human peptides and proteins. In addition to combining to form the
body's proteins, some amino acids act as neurotransmitters or as
precursors of neurotransmitters, the chemicals that carry information
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from one nerve cell to another. Certain amino acids are thus necessary
for the brain to receive and send messages. Amino acids also enable
vitamins and minerals to perform their jobs properly.

L-serine inhibits gastric secretion and protects the gastric mucosa
against stress and chemically induced ulcers [45]. Pretreatment with
serine attenuated the formation of stress, indomethacin and
necrotizing agents-induced gastric lesions. Glycine, a neutral amino
acid has been reported to inhibit gastric secretion and to protect the
gastric mucosa against chemically and stress-induced ulcers in rats
[45]. L-glutamic acid (0.1 M) administered to the blood also produces
marked inhibition of gastric secretion. Pretreatment with L-arginine
markedly reduces the degree of gastric injury. It elevates NO
bioavailability in the gastric mucosa, which is a gastric mucosal
protective factor that contributes significantly to maintaining normal
gastric mucosal integrity [46]. The effectiveness of simple and mixed
copper (II) complexes of L-tryptophan and L-phenylalanine on the
gastric acid secretion was reported in Shay rats by Alberghina [47]. The
gastric inhibitory effect of melatonin and L-tryptophan on ulcer
healing was accompanied by a significant rise in the gastric blood flow
at ulcer margin and an increase of plasma melatonin, luminal
NO2–/NO3– and plasma gastrin levels [48]. Gastric acid and pepsin
outputs were significantly inhibited during the ulcer healing in
melatonin-treated gastric mucosa.

Intraduodenal administration of mixed AA solution resulted in
significant inhibition of gastric acid secretion and gastrin release
stimulated by intragastric perfusion of peptone [49]. L-tryptophan has
a positive effect on gastric mucosal damage in ischemia-reperfusion
injury by inhibition of free oxygen radicals [50]. Intestinal infusion of
leucine augments the maximal gastric-acid secretory response to
pentagastrin and serves as a bioassay for intestinal-phase acid secretion
[51]. The mechanism of leucine-stimulated acid secretion involves its
ability to alter tyrosine absorption. Intravenous tyrosine infusion also
decrease acid secretion in response to intestinal leucine but required
much higher dose. Tyrosine exerts a specific inhibitory effect on
leucine-stimulated acid secretion, which is mediated intraluminally.
The mechanism of leucine-stimulated acid secretion may involve
modulation of the sympathetic nervous system, thereby affecting acid
secretion as it is a regulator of adrenergic nervous system.

Calcium channel blockers: Hypercalcaemia is associated with
increased gastric acid secretion and calcium appears to be critical for
stimulus secretion coupling in gut [52].The release of Histamine, acetyl
choline, gastrin and hydrochloric acid are all calcium dependent [53].
Histamine release dependent upon both extracellular and intracellular
calcium indicates development of gastric ulcer is calcium dependent
process. Calcium channel blockers verapamil and its analogues
verapamil (desmethoxyverapamil) and gallopamil (methoxyverapamil)
prevented ulcer genesis induced by cold-restraint stress and promoted
spontaneous ulcer healing [54]. Nitrendipine, diltiazem and verapamil,
three chemically-distinct calcium channel blockers, all reduce cold-
restraint stress gastric lesions [52]. Nitrendipine significantly decreased
stress-induced gastric lesions, but was far less efficacious against 100%
ethanol-induced lesions [52]. The anti-ulcer effects of nitrendipine
were not reversible with indomethacin, sodium meclofenamate or N-
ethylmaleimide. Nitrendipine also significantly reduced basal gastric
acid output. Verapamil significantly reduced stress lesions in an
indomethacin and meclofenamate-reversible manner. Verapamil also
decreased basal acid secretion.

Gastric stimulation results in increased calcium influx which can be
blocked by calcium antagonist not by Histamine (H2) blockers [55].

Verapamil inhibited acid secretion from isolated parietal cells under
basal, histamine and dibutyryl cyclic AMP stimulated condition [56].
Calcium channel antagonists also block the acid secretion by inhibiting
parietal cell H+-K+-ATPase. The influence of verapamil on stress and
bethanechol induced gastric effects in rats, showed a dose dependent
decrease in gastric glandular secretion and also increased gastric wall
contraction [57].

The prevention of transmembrane calcium influx which results in
inhibition of smooth muscle contraction appears to block histamine
and 5-hydroxytryptamine release from stomach wall mast cells. Stress
ulcer antagonism by verapamil is associated with inhibition of gastric
glandular mucosal mast cell degranulation and reduced stomach
contractions. The Combined Cholinergic, gastrinergic and
histaminergic influence results on M1 (neuronal) and M2 (Parietal),
gastrin and histaminic H2 receptors respectively leading to reduced
stimulation of H+/K+ ATPase exchange pump which involved in the
terminal step of hydrochloric acid secretion [58].

The effect of nifedipine and cimetidine on cold or stress-induced
gastric ulcers and glandular wall mast cell count were studied in rats
[59]. Nifedipine in three doses (1, 5 and 10 mg/kg) administered intra
peritonealy prevented gastric ulceration and mast cell degranulation.
This was attributed to inhibition of histamine stimulated acid secretion
and ability to reduce acetyl choline induced gastric secretion in which
calcium is the most likely final common denominator.

Considering the multiple etiology involved in peptic ulcer, we have
earlier reported molecular hybrids of calcium channel blockers and
carbonic anhydrase inhibitors with amino acids [60-64]. These
molecules showed significant antiulcer action. Although their exact
mode of action is yet to be elucidated multiple mechanisms including
proton pump inhibition was demonstrated.

In spite of the progress in understanding the etiology of ulcer, the
attempts at developing ideal antiulcer agents are far from successful.
Ideally, antiulcer agents should reversibly reduce acid secretion without
any adverse effect. Additionally, it may have capacity to neutralize
hyperacidity and attenuate infection due to H.Pylori. Besides, it should
be safe for long-term use without any risk of developing drug-
dependency. There are many issues that need to be addressed based on
the basic pathophysiology of ulceration. Although the agents discussed
have shown potential, none of them has till date matched the
effectiveness of omeprazole and its analogues. However omeprazole
and its analogues bind covalently and irreversibly inhibit gastric
ATPase up to 16-18 hrs following a single dose. Normalization usually
takes about 96 hours. This makes them unsuitable for long term use.
Besides long term use is associated with risk of drug-dependency.
Attempts at finding suitable alternative are far from over. Thus
considering, ever increasing incidences of ulcer and ulcer leading to
cancer, there is an urgent need to attempt to develop alternative agents
to them.

Conclusions
The growth of peptic ulcer disease with time is complex and

interesting. Although its incidences were rare before 1800 century, with
time and change in life style its incidences have increased significantly.
Several therapeutic strategies have evolved over time for its
management. However, considering the involvement of multiple factor
in its etiology, it has not been possible to provide an ideal solution to
completely cure its occurrence. Traditional use of antacids and use of
histamine inhibitors have become insufficient in the management of
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peptic ulcer. Irreversible inhibition of proton pump although reduces
ulceration, in the long run leads to adverse issues. It has not been
possible to develop an ideal proton pump inhibitor. In this scenario,
search for alternatives by capitalizing on the multifactorial etiology of
ulceration holds promise. However, these searches are far from over
and require further investigations to develop ideal antiulcer agents.
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