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ABSTRACTThe mechanism of the antiulcer effect ofomeprazole was studied placing empha-sis on its role to block oxidative damageand apoptosis during ulceration. Dose-response studies on gastroprotection instress and indomethacin-induced ulcerand inhibition of pylorus ligation-inducedacid secretion indicate that omeprazolesignificantly blocks gastric lesions atlower dose (2.5 mg/kg) without inhibitingacid secretion, suggesting an independ-ent mechanism for its antiulcer effect.Time course studies on gastroprotectionand acid reduction also indicate thatomeprazole almost completely blockslesions at 1 h when acid inhibition is par-tial. The severity of lesions correlates wellwith the increased level of endogenoushydroxyl radical (OH), which when scav-enged by dimethyl sulfoxide causesaround 90% reduction of the lesions,indicating that OH plays a major role ingastric damage. Omeprazole blocksstress-induced increased generation ofOH and associated lipid peroxidation andprotein oxidation, indicating that itsantioxidant role plays a major part in pre-venting oxidative damage. Omeprazolealso prevents stress-induced DNA frag-mentation, suggesting its antiapoptoticrole to block cell death during ulceration.The oxidative damage of DNA by ·OHgenerated in vitro is also protected byomeprazole or its analogue, lansoprazole.Lansoprazole when incubated in a ·OH-generating system scavenges OH to pro-duce four oxidation products of which themajor one in mass spectroscopy shows amolecular ion peak at m/z 385, which is16 mass units higher than that of lanso-prazole (m/z 369). The product shows noadditional aromatic proton signal for aro-matic hydroxylation in 1H NMR. Theproduct absorbing at 278 nm shows noalkaline shift for phenols, thereby exclud-ing the formation of hydroxylansoprazole.The product is assigned to lansoprazolesulfone formed by the addition of oneoxygen atom at the sulfur center followingattack by the OH. Thus, omeprazole playsa significant role in gastroprotection byacting as a potent antioxidant and anti-apoptotic molecule. 
INTRODUCTIONProton pump inhibitors such as omepra-zole, lansoprazole, pantoprazole, andrabeprazole are extensively used for ther-apeutic control of acid-related disordersincluding gastroesophageal reflux dis-ease and Zollinger-Ellison syndrome andfor peptic-ulcer disease caused by stress(stress-related erosive syndrome), nons-teroidal antiinflammatory drugs, and

Helicobacter pylori infection. These com-pounds share a common structural motifcontributed by a substituted pyridyl-methylsulfinyl benzimidazole. Inhibitionof gastric acid secretion by these com-pounds is considered to be an importantstep to control the disorders. Protonpump inhibitors inhibit acid secretion byirreversibly interacting with the H+-K+-ATPase, the terminal proton pump of theparietal cell. In the acid space of thesecreting parietal cell or in the vicinity ofthe enzyme, these compounds are con-verted to thiophilic sulfenamide orsulfenic acid, which reacts mainly withthe Cys-813 residue in the catalytic sub-unit of the H+-K+-ATPase, which iscritical for enzyme inactivation. Althoughomeprazole, the primary member of theproton pump inhibitors, has been exten-sively used to control these disorders,lansoprazole, the second member of thesubstituted benzimidazole containing atrifluoroethoxy group, has also been usedmore recently. 
The role of acid in gastroduodenal patho-genesis has been extensively studied.Although gastric ulcer patients show nor-mal or reduced level of acid secretion,duodenal ulcer patients usually secretemore acid. In fact, "no acid, no ulcer" isthe dictum for duodenal ulcer. Because30% of patients having duodenal ulcerand very few patients with gastric ulcerare hyperchlorohydric, clearly factorsother than acid are involved in the patho-genesis of gastroduodenal ulcer.Although the secret-ed acid itself is notsufficient for ulcerformation, its corro-sive property andincreased pepticactivity is sufficientto aggravate theulcer. Even the nor-mal rate of acidsecretion may causeulceration in thebreached mucosawhen some gastro-protective factorsare lost. Hence, acidsuppression byomeprazole is acommon practice tocontrol gastroduo-denal lesions.Suppression ofintragastric acidalso helps in thehealing of ulcer. Inanimals, the role ofacid in gastric lesions has been studiedusing some animal models such asstress or nonsteroidal antiinflammatorydrug-induced gastric ulcer. Stress itselfinhibits gastric acid secretion through a

central nervous reflex mechanism.Restraint cold stress or restraint waterimmersion stress induces gastric lesions,which are associated with a decreased ornormal level of acid secretion. Becauserestraint or water immersion stress signif-icantly decreases acid secretion inducedby pylorus ligation, acid plays a minorrole in stress ulcer. Administration ofantacids to neutralize secreted acid doesnot protect stress ulcer, suggesting thatfactors other than acid are involved inulcer formation. However, inindomethacin-induced gastric damage,acidity may be increased because ofdecreased biosynthesis of prostaglandin.Because acidity as high as 0.6 M HCl canexperimentally produce gastric lesions,mild irritants like 0.35 M HCl preventsgastric damage caused by strongernecrotizing agent through "adaptive cyto-protection" mediated by increased forma-tion of prostaglandin. 
It is now generally agreed that gastric

lesions develop when the delicate bal-ance between some gastroprotective andaggressive factors is lost. Although thecellular and molecular basis of gastricmucosal defense against gastrodamagingfactors are known, the mechanism ofmucosal damage by the aggressive fac-tors is not fully clear today. Stress, nons-teroidal antiinflammatory drugs, and H.pylori cause mucosal damage through anumber of mechanisms, of which somereactive oxygen species (ROS)1 such asO and OH are now considered to be oneof the major causative factors for mucos-al lesions through oxidative damage.Lipid peroxidation, an important parame-ter for ·OH-induced oxidative damage ofmembrane, is increased in gastric lesionscaused by ethanol, indomethacin, andwater immersion stress. Increased lipidperoxidation, increased protein oxidation,and decreased glutathione level are alsoevident in restraint cold stress-inducedgastric lesions as a result of oxidativedamage caused by the significant gener-ation of OH. Hydroxyl radical-mediatedoxidative damage of membrane lipid andprotein and depletion of glutathione havealso recently been reported in humangastric ulcer Hydroxyl radical is generat-ed from O and H2O2 in presence of atrace amount of transition metal (releasedfrom protein by acidosis caused by
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Omeprazole for severe refluxesophagitis in children.
De Giacomo C, Bawa P, Franceschi M, Luinetti O, Fiocca R.Clinica Pediatrica, Universita di Pavia, IRCCS Policlinico, S. Matteo, Italy.

BACKGROUND:Severe esophagitis is a rare complication of gastroesophageal reflux in children.In adults, omeprazole therapy of severe erosive esophagitis has become the goldstandard short-term treatment of the disease. In children, dataon its use are limited, and problems about the dosage are unre-solved. The aim of this study was to evaluate the efficacy of asimplified, body-weight-based daily dosage of omeprazole inchildren with severe esophagitis.
METHODS:Ten children (median age 75.6 months; range 25-109 months)with severe esophagitis were prospectively investigated. Allpatients were evaluated by endoscopy, histology, and 24-h pH-metry study before and after 3 months of omeprazole. The start-ing dose of omeprazole was 20 mg as a single daily dose inchildren weighing less than 30 kg, and 40 mg daily for thoseweighing over 30 kg.
RESULTS:A significant improvement in all the children was demonstratedafter 3 months of treatment by clinical, endoscopic, and pH-metry assessment. However, histologic study failed to showsignificant improvement of both inflammatory and hyperplasticfindings. Relapse occurred in six of 10 patients after discontin-uation of therapy.
CONCLUSIONS:Omeprazole is effective in the short-term treatment of severeoesophagitis in children. The daily dose of the drug could beeasily based on the body weight. The persistence of histologic features ofesophagitis in spite of clinical and endoscopic healing could be an indicator ofpoor outcome.
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ischemia) by Haber-Weiss reaction (38)following alteration of the antioxidantenzymes of the gastric mucosa. Recentstudies also indicate that programmedcell death or apoptosis plays a significantrole in gastric ulceration. Gastric mucos-al lesions caused by stress,indomethacin, ethanol, and H. pylori arealso due to increased cell death by apop-tosis. Apoptosis is promoted because ofan imbalance between the Bcl-2 family ofantiapoptotic protein and apoptotic Baxprotein in stress ulcer. Induction of tumornecrosis factor- and release ofcytochrome c to activate caspase-3-likeprotease are involved in apoptotic celldeath in indomethacin ulcer. Apoptosisalso occurs because of nitric oxide pro-duction through induction of nitric-oxidesynthase by H. pylori. Involvement ofROS and oxidative damage of DNA andDNA fragmentation have also been evi-dent in apoptotic cell death in gastricmucosal injury.Although omeprazole is believed to offerits antiulcer activity through acid sup-pression by inactivating the H+-K+-ATPase, very little is known regarding itsrole in controlling oxidative damage andapoptotic cell death of the gastricmucosa during ulceration. The role ofacid suppression effect of omeprazole ongastroprotection against some necrotiz-ing agents (ethanol, acidified aspirin,hypertonic saline, 0.6 M HCl) has beenstudied earlier, where evidence has beenprovided to show that acid inhibitionplays no significant role on the gastropro-tective effect of omeprazole. Moreover,omeprazole neither stimulatesprostaglandin biosynthesis nor increasesbicarbonate secretion to offer gastropro-tection. Thus, omeprazole exerts itsantiulcer activity through some othermechanism that has not been exploredyet. Using animal models of stress andindomethacin-induced gastric lesionsand pylorus ligation-induced acid secre-tion, evidence has been presented in this

paper to show that the gastroprotectiveeffect of omeprazole is not mediatedthrough its acid inhibitory effect. Furtherevidence has been presented to show thatendogenous ·OH plays one of the majorroles in gastric lesions and that omepra-zole acts as a potent antioxidant to scav-enge the endogenous ·OH, thereby pre-venting the oxidative damage byincreased lipid peroxidation and proteinoxidation. Moreover, it offers an antiapop-totic effect by blocking DNA fragmenta-tion during ulceration. Evidence has alsobeen presented to show that omeprazoleor lansoprazole blocks ·OH-inducedoxidative damage of DNA by scavenging·OH in vitro. Analysis of the major oxida-tion product of lansoprazole indicates thatthis antioxidant activity is due to scaveng-ing of ·OH to form an oxygenated productthat is assigned to lansoprazole sulfone.The studies thus provide new insights onthe mechanism of the antiulcer effect ofproton pump inhibitors.
MATERIALS AND METHODSDrugs and Chemicals-- Omeprazole wasa kind gift from Dr. W. Beil (MedizinischeHochschule, Hannover, Germany).Lansoprazole, melatonin, -phenyl N-tert-butylnitrone (PBN), thiobarbituric acid,ethidium bromide, ascorbic acid, 2,4-dinitrophenylhydrazine, collagenase type1A, Pronase E, proteinase K, RNase, cata-lase, guanidine HCl, Fast Blue BB salt,tetraethoxypropane, benzenesulfinic acid,and 5,5- dimethyl-1-pyrroline N-oxide(DMPO) were purchased from Sigma.Desferrioxamine was obtained from CibaGeigy Ltd. Vitamin E (-tocopherylacetate), Me2SO, and TLC plates coatedwith silica gel 60 F254 were procuredfrom Merck. 
Animals Used-- Sprague-Dawley rats(200-250g) of both control and experi-mental groups kept separately in con-trolled condition were fasted for 24 h withwater ad libitum. The control group

received the vehicle only while the exper-imental group received omeprazoleintraperitoneally 30 min prior to restraintcold stress or indomethacin administra-tion for gastric ulceration or pylorus liga-tion for acid secretion. Animal experi-ments (n = 8-30) were carried out fol-lowing the guidelines of the animal ethicscommittee of the institute. Human gastricmucosal biopsy specimens wereobtained from the Cancer Centre WelfareHome and Research Institute (Kolkata,India) following approval by the humanethics committee of the institute. 
Restraint Cold Stress-induced GastricUlceration-- The rats were immobilizedunder light ether anesthesia and subject-ed to cold (4 ± 1 °C) stress for 3.5 h.The severity of mucosal lesions wasscored as ulcer index as follows: 0 = nopathology; 1 = a small ulcer (1-2 mm);2 = a medium ulcer (3-4 mm); 4 = alarge ulcer (5-6 mm); and 8 = largerulcer (>6 mm). The sum of the totalscores divided by the number of animalswas expressed as the mean ulcer index.Luminal acid content was determined bytitration with 1 mM NaOH using an auto-burette pH stat system from Radiometer(Copenhagen, Denmark). 
Indomethacin-induced GastricUlceration-- The rats were orally fed withindomethacin at 48 mg/kg of bodyweight. After 4 h, the animals were killed,and gastric lesions in the mucosa werescored and expressed as ulcer index asfollows: 0 = no pathology; 1 = one pin-head ulcer. The sum of the total scoresdivided by the number of animals givesthe ulcer index. 
Pylorus Ligation-induced Gastric AcidSecretion-- Hypersecretion was inducedin rats by pylorus ligation under lightanesthesia with ketamin (12 mg/kg ofbody weight). The animals were killed 2.5h after ligation, and the clarified gastricfluid volume was determined and titratedfor acid content with 1 mM NaOH. 
Measurement of Lipid Peroxidation as anIndex of Oxidative Damage-- Lipid perox-idation products of the mitochondrialmembrane fraction of fundic stomachhomogenate were determined as thiobar-bituric acid-reactive substances. Thefundic stomach from control, stress-ulcerated, and omeprazole (4 mg/kg)-pretreated stressed rats was homogenizedin ice-cold 0.9% saline in a Potter-Elvehjem glass homogenizer for 45 s toget 5% homogenate. One ml of the mito-chondrial membrane fraction obtainedafter differential centrifugation wasallowed to react with 2 ml oftrichloroacetic acid-thiobarbituric acid-HCl reagent containing 0.01% butylatedhydroxytoluene, heated in a boiling waterbath for 15 min, cooled, and centrifuged,and the supernatant was used for thiobar-bituric acid-reactive substance determi-nation at 535 nm usingtetraethoxypropane as standard. 
Measurement of Protein CarbonylContent as an Index of Oxidative Damage-- Protein oxidation was measured as car-bonyl content in the low speed super-

natant of the fundic stomachhomogenate. The fundic stomach fromcontrol, stress-ulcerated, and omeprazole(8 mg/kg) pretreated stressed rats washomogenized in 50 mM sodium phos-phate buffer, pH 7.4, in a Potter-Elvehjemglass homogenizer for 45 s to get 10%homogenate. After centrifugation at 600× g for 10 min, the proteins from 0.8 mlof the supernatant were precipitated with5% trichloroacetic acid and allowed toreact with 0.5 ml of 10 mM 2,4-dinitro-phenylhydrazine for 1 h. After precipita-tion with 10% trichloroacetic acid, theprotein was washed thrice with a mixtureof ethanol-ethyl acetate (1:1), dissolvedin 0.6 ml of a solution containing 6 Mguanidine HCl in 20 mM potassiumphosphate adjusted to pH 2.3 with triflu-oroacetic acid, and centrifuged, and thesupernatant was used for measurement ofcarbonyl content at 362 nm ( = 22000M1 cm1). 
Measurement of Endogenous ·OH--Hydroxyl radical generated in the gastricmucosa was measured using Me2SO as·OH scavenger. Briefly, the control groupwas kept at room temperature without anystress after administration (intraperi-toneally) of 1 ml of Me2SO. The secondgroup received the same amount ofMe2SO 30 min before the onset ofrestraint cold stress. The third groupreceived omeprazole (8 mg/kg intraperi-toneally) 30 min prior to Me2SO admin-istration and were then subjected tostress. After 3.5 h of stress, the animalswere killed, and fundic stomach wasprocessed for the extraction of methane-sulfinic acid formed by reaction of ·OHwith Me2SO. Methanesulfinic acid wasallowed to react with the Fast Blue BB saltto yield an yellow chromophore that wasmeasured at 425 nm using benzene-sulfinic acid as standard. 
Measurement of DNA Damage in Vivo asan Index of Apoptosis-- To study DNAfragmentation as an index of apoptosis,DNA was isolated from fundic mucosalsurface epithelial cells of normal rats andrats subjected to restraint cold stresswithout or after pretreatment withomeprazole (8 mg/kg). Fundic mucosa(~1.5 g) from three animals wasscraped, minced separately in PBS-E (50mM sodium phosphate buffer containing0.9% saline and 20 mM EDTA, pH 8),washed twice with PBS-E, and finallysuspended in 2 ml of PBS-E containing0.5 mg/ml collagenase. The suspensionwas incubated at 37 °C for 1 h with stir-ring, followed by the addition of PronaseE (1 mg/ml), and further incubated for 15min at 37 °C. It was centrifuged at 1000rpm for 5 min. The pellet was dispersedand incubated with 2 ml of a lysis buffercontaining 50 mM Tris-Cl, pH 8, 20 mMEDTA, 10 mM NaCl, and 1% w/v SDS for15 min. It was centrifuged at 14,000 × gfor 15 min, and DNA was isolated fromthe lysate by a phenol-chloroform extrac-tion procedure. DNA was dissolved in 10mM Tris-Cl, pH 8, containing 1 mM EDTAby gentle shaking at 65 °C. Residual con-taminating RNA was removed by incubat-ing the DNA solution with 1 µg/mlDNase-free RNase at 37 °C for 1 h fol-lowed by 0.1 mg/ml proteinase K for 3 h.

Lalkin A, Loebstein R, Addis A, Ramezani-Namin F,Mastroiacovo P, Mazzone T, Vial T, Bonati M, Koren G.Motherisk program, Toronto, Ontario, Canada.

OBJECTIVES:Our purpose was to determine whetheromeprazole use during pregnancy isassociated with an increased risk ofmalformations, spontaneous abortions,decreased birth weight, or perinatalcomplications.
STUDY DESIGN:In a multicenter, prospective controlledstudy, pregnant women exposed toomeprazole during gestation werematched with controls exposed to non-teratogens and with disease-pairedcontrols who used histamine blockersfor similar indications. The primary endpoint was the incidence of major mal-formations.
RESULTS:

One hundred thirteen pregnant womenwere exposed to omeprazole duringpregnancy. Rates of major malforma-tions in the omeprazole group (4%) didnot differ from controls exposed to non-teratogens (2%) (P = .68, relative risk= 1.94, 95% confidence interval 0.36to 10.36) and disease-paired controls(2.8%). Birth weight, gestational age atdelivery, preterm deliveries, andneonatal complications were compara-ble among the three groups.
CONCLUSIONS:No association was found betweenexposure to omeprazole during theperiod of organogenesis and increasedrisk for major malformations. Exposurethroughout pregnancy is not associatedwith increased risk of spontaneousabortions, decreased birth weight, orperinatal complications.

The safety of omeprazole during pregnancy:a multicenter prospective controlled study.
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Phenol-chloroform extraction was repeat-ed to obtain purified DNA that was dis-solved in 10 mM Tris-Cl buffer, pH 8,containing 1 mM EDTA. To study DNAfragmentation, DNA was loaded on to a1.5% agarose gel. Electrophoresis wascarried out at 100 V for 1.5 h in TBE (90mM Tris borate, 2 mM EDTA, pH 8)buffer, and DNA was visualized by UVexposure after staining with ethidium bro-mide. 
Measurement of Reactive OxygenSpecies Mediated Oxidative Damage ofDNA in Vitro and Its Protection byOmeprazole or Lansoprazole-- To studythe antioxidant effect of omeprazole orlansoprazole, ·OH-mediated oxidativedamage of DNA isolated from rat mucos-al surface epithelial cells or from humangastric mucosal biopsy specimen wasstudied in absence or presence ofomeprazole or lansoprazole. For isolationof human gastric mucosal DNA, theminced mucosa (1 g) was digested with12 ml of the digestion buffer (100 mMNaCl, 10 mM Tris-Cl, pH 8.0, 25 mMEDTA, 0.5% SDS, 0.1 µg/ml proteinaseK, and 1 µg/ml RNase) by incubating in ashaker bath at 52 °C for 15 h. DNA wasextracted from the lysate after phenol-chloroform extraction as described. RatDNA (~200 ng) or human DNA (~300ng) was incubated in a ·OH-generatingsystem containing 100 mM sodiumphosphate buffer, pH 7.4, 0.2 mMCuSO4, and 1 mM ascorbate in a totalvolume of 30 µl for a period of 30 min at37 °C in presence or absence of omepra-zole or lansoprazole. The reaction wasstopped by the addition of 1 µg of cata-lase, and electrophoresis was carried outin a 2% agarose gel. 
Scavenging of ·OH by Lansoprazole--Hydroxyl radical was generated in vitro inthe Cu2+-ascorbate system and quanti-tated as described by Babbs and Steiner.The assay system contained in a final vol-ume of 1 ml: 50 mM sodium phosphatebuffer, pH 7.4, 0.2 mM CuCl2, 2 mM

ascorbate, and 2 mM Me2SO in theabsence and presence of lansoprazole.After incubation at 37 °C for 1 h, the reac-tion was stopped with 0.5 mM EDTA, andthe methanesulfinic acid formed wasextracted and allowed to react with FastBlue BB salt for quantitation asdescribed. 
Isolation of ·OH Mediated OxidationProduct of Lansoprazole-- Because crys-talline lansoprazole is readily availablecommercially, this experiment was car-ried out with lansoprazole instead ofomeprazole with the aim of isolating the·OH-mediated oxidation product of lanso-prazole, if the latter scavenges ·OH.Lansoprazole (0.2 mM) was incubated at37 °C for 3.5 h with 0.2 mM CuCl2 and 2mM ascorbate in the presence of 10 mMphosphate buffer, pH 7.4, in a final vol-ume of 400 ml. The content was evapo-rated in a Eyela N-N series rotary vacuumevaporator, and the residue was extractedrepeatedly with chloroform followed bymethanol. A control system containing0.2 mM lansoprazole in 10 mM phos-phate buffer was incubated under similarconditions without a ·OH-generating sys-tem and subjected to the same extractionprocedure to find out whether any aerialoxidation occurs or not. The major oxida-tion product was isolated from themethanol extract after separation bypreparative TLC on plate (8 × 18 cm)coated with silica gel 60 F254 usingchloroform:methanol (90:10) as themobile phase. The compounds weredetected by spraying with iodine vapor.The major oxidation product was recov-ered from the TLC plate by elution withmethanol and was further purified byWaters HPLC system using Waters 15 µ100 Å Deltapak-C18 semipreparative col-umn (7.8 × 300 mm) eluted withmethanol: water (80:20) at a flow rate of1 ml/min. The absorbance was monitoredat 285 nm. 
Analysis of Oxidation Product ofLansoprazole-- The HPLC-purified major

oxidation product of lansoprazole wasdissolved in CDCl3, and the 1H NMRspectrum was recorded in a Bruker 300MHz NMR spectrometer. Molecularweight was determined by electronimpact (EI+) mass spectrometry usingJeol JMS 600 mass spectrometer. TheUV-visible spectrum was recorded in aShimadzu UV-1601 spectrophotometer. 
Statistical Analysis-- All of the data wereexpressed as the means ± S.E. The sig-nificance was calculated using aStudent's t test.
RESULTSDifferential Effect of Omeprazole inBlocking Gastric Ulcer and Gastric AcidSecretion-- To investigate whetheromeprazole blocks gastric lesionsthrough an independent mechanism otherthan the inhibition of acid secretion, thedose-dependent effect of omeprazole wasstudied both on stress- andindomethacin-induced gastric ulcerationand pylorus ligation-induced gastric acidsecretion. Omeprazole dose-dependentlyblocks both stress and indomethacin-induced gastric lesions showing nearly90% inhibition at 8 and 16 mg/kg,respectively. More than 90% of the ani-mals showed no gastric lesion at all. Incontrast, omeprazole blocks pylorus liga-tion-induced acid secretion at a higherdose, causing nearly 90% inhibition at 20mg/kg. However, one significant findingis evident from the dose-response pat-terns for blocking gastric damage andacid secretion. At the dose of 2.5 mg/kg,omeprazole cannot block acid secretionat all, whereas at a slightly lower dose of2 mg/kg, omeprazole blocks stress ulcerby 70%, and indomethacin ulcer by 50%.

The efficacy of omeprazole in blockinggastric damage and acid secretion can bemore accurately determined by thepotency (ED50) calculation from thedose-response profiles. Whereas theED50 values for inhibiting stress andindomethacin-induced gastric lesions are0.8 and 2 mg/kg, respectively, that for theinduced acid secretion is 3.25 mg/kg.The data indicate that omeprazole blocksgastric lesions through a mechanismindependent of its role on acid secretion.The relationship between gastroprotec-tion and acid inhibition by omeprazolehas been further clarified from the timecourse studies of inhibition. The resultsindicate that at the initial period of 1 hwhen acid secretion is inhibited by 50%only, gastroprotection by omeprazole isalmost complete, showing around 90%inhibition of the gastric lesions caused bystress or indomethacin. At later time peri-ods of 2.5 and 3.5 h, gastroprotectionremains more or less at the same levelwhen acid inhibition is increased to 80%.It is thus clear that omeprazole can offergastroprotection almost completely evenwhen it cannot completely block acidsecretion. In other words, omeprazole-induced gastroprotection is notdecreased with relatively higher rate ofacid secretion. Omeprazole thus protectsgastric lesions through mechanismsother than acid inhibition.
Role of Hydroxyl Radical on GastricUlceration-- To assess whether endoge-nous OH plays any significant role on thedevelopment of gastric lesions, the effectof Me2SO, a specific OH scavenger wasstudied on both stress- andindomethacin-induced gastric lesions.The data indicate that Me2SO causes
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BackgroundGastro-esophageal reflux disease (GERD) may cause chest pain. The aim was todetermine the correlation between ischemia and gastro-esophageal reflux inpatients with CAD and to assess the influence of short-term �anti-reflux� therapy onthe ischemia in patients with GERD and CAD. 
MethodsFifty patients with angiographically proven CAD underwent simultaneous 24-h con-tinuous ECG and esophageal pH monitoring. We assessed the number of ST-seg-ment depression episodes (ST dep.) and total duration of ischemic episodes,expressed as total ischemic burden (TIB). In pH-metry, we assessed: time percent-age of pH lower than 4, total time of pH lower than 4 and the number of patholog-ical refluxes (PR). Patients fulfilling the GERD criteria received a 7-day therapy withomeprazole 20 mg bid. On the 7th day of therapy, simultaneous Holter andesophageal pH monitoring was repeated. ResultsTotal number of 224 PRs in 42 patients (84%) was recorded during esophageal pH-metry. GERD criteria were fulfilled in 23 patients (46%). Out of 218 episodes of STdep., 45 (20.6%) correlated with PR. GERD patients had larger TIB and higher num-ber of ST dep. (p<0.015 and p<0.035, respectively). The anti-reflux therapyreduced all analyzed parameters of esophageal pH monitoring (p<0.0022) as well

Diabetes makesulcersmore deadly 
Reuters HealthFriday, April 14, 2006 NEW YORK (Reuters Health) - Among patients with bleeding or perforatedulcers, those with diabetes appear to be at substantially increased risk ofdying, according to a report in the journal Diabetes Care.

Dr. Reimar W. Thomsen, from Aarhus University Hospital in Denmark, and colleagueshypothesized that diabetic patients with complicated ulcer disease may face a highershort-term death risk because of diabetic blood vessel problems, blurring of symp-toms, and an increased risk of overwhelming bacterial infection.
The mortality difference in the perforated ulcer group was even more pronounced.Diabetic patients had a 30-day death rate of 43 percent compared with 24 percent fornondiabetic patients, representing an increased risk of 51 percent. 
"Our findings suggest that efforts to improve outcomes from these medical emergen-cies in diabetic persons should be directed to reducing preventable diabetes compli-cations," the authors conclude. 

SOURCE: Diabetes Care, April 2006.

Does gastro-esophageal refluxprovoke the myocardial ischemia inpatients with CAD ?



87% protection of stress ulcer and 94%protection of indomethacin ulcer withoutaffecting the luminal acid content. Theresults indicate that OH plays one of themajor roles in stress- or indomethacin-induced gastric lesions further shows thattime-dependent severity of gastriclesions (ulcer index) correlates well withthe increased generation of OH and notwith the luminal acid content, suggestingthat OH plays a significant role in the gas-tric damage.
Effect of Omeprazole on OH-mediatedOxidative Damage of the Gastric Mucosa-- Because OH is one of the majorcausative factors for gastric ulcerationand creates oxidative damage byincreased membrane lipid peroxidationand protein oxidation, the effect ofomeprazole was therefore studied onthese two parameters. Omeprazole blocksstress-induced generation of OH and atthe same time completely prevents radi-cal-induced increased lipid peroxidationand protein oxidation. Omeprazole thusblocks gastric oxidative damage by actingas an antioxidant through scavenging ofendogenous OH. The potency of omepra-zole as an antioxidant to block gastriclesions was compared with some naturaland synthetic antioxidants having antiul-cer activity. The dose-response profilesclearly indicate that omeprazole is morepotent than the naturally occurring antiox-idants such as vitamin E or melatonin orsome synthetic antioxidants such as des-ferrioxamine, a transition metal ion chela-tor to prevent OH generation, or PBN, aradical scavenger.
Effect of Omeprazole on DNA Damage ofthe Mucosal Cell as an Indication ofApoptosis-- Apoptotic cell death is asso-ciated with DNA fragmentation, andoxidative attack is thought to be one ofthe underlying mechanisms. Becauserestraint cold stress causes extensive

damage of the surface epithelium withnumerous cells sloughed off into the gas-tric lumen because of cell death, it isinteresting to investigate whether thisprocess is associated with apoptotic celldeath or not. Stress-induced gastricepithelial cell damage is associated withDNA fragmentation showing typical DNAladder, an index of cell apoptosis.However, omeprazole pretreatment cancompletely block stress-induced DNAfragmentation, suggesting its antiapop-totic role to prevent cell death duringulceration.
Antioxidant Role of Omeprazole andLansoprazole in Blocking Oxidative DNADamage in Vitro-- Oxidative damage ofDNA can be studied in vitro when incu-bated in a ·OH-generating system. Ratgastric mucosal cell DNA, when incubat-ed in the Cu2+-ascorbate-mediated OH-generating system, is completely frag-mented into small pieces so that the mainDNA band is not observed at all. DNA canbe completely protected from the oxida-tive damage by catalase, suggesting theinvolvement of H2O2 in the process.Protection is also evident with the spintrap DMPO, suggesting the generation ofthe radical species. The data indicate thatDNA is oxidatively damaged by OH gen-erated from H2O2 in presence of Cu2+and ascorbate (reducing equivalent of O)through a metal-catalyzed Haber-Weissreaction. However, omeprazole blocksthis oxidative damage in a concentration-dependent manner, showing completeprotection at 500 µM.. Lansoprazolecompletely prevents oxidative damage at500 µM. Lansoprazole can also blockoxidative damage of human gastricmucosal DNA in a concentration-depend-ent manner, showing complete protectionat 500 µM.
Effect of Lansoprazole on the Level of OHin Vitro-- The protection of the oxidative

DNA damage by omeprazole or lansopra-zole may be explained as being due to itsdirect scavenging action on OH so thatDNA is spared from the radical attack. Tostudy the OH scavenging action, OH gen-eration was measured in vitro in theCu2+-ascorbate system in the absenceand presence of lansoprazole.Lansoprazole can directly decrease thelevel of OH in a concentration-dependentmanner showing 90% inhibition at 2 mM.Because lansoprazole does not decom-pose H2O2 or chelate Cu2+ (data notshown), the effect is not due to thedecreased generation of OH fromendogenous H2O2 through metal-cat-alyzed Haber-Weiss reaction.
Identification and Isolation of OxidationProduct of Lansoprazole-- To investigatethe possibility for scavenging of OH bylansoprazole to form an oxidation prod-uct, lansoprazole was incubated in theCu2+-ascorbate system, and the mixtureafter extraction with chloroform followedby methanol was subjected to TLC.Single spot of commercial lansoprazoleused in this study, the formation of atleast four oxidation products of lansopra-zole, of which spot 4 is the major oxida-tion product. None of these products weredetected when lansoprazole was incubat-ed only in phosphate buffer. This majoroxidation product was isolated from thepreparative TLC plate and subjected toHPLC. The chromatogram shows a majorpeak of the product preceded by a num-ber of small peaks probably contributedby some impurities from the silica gel.These impurities were removed by isolat-ing the compound in the major peak byHPLC. The HPLC-purified product showsmore than 95% purity as evidenced byHPLC profile. The product when run inTLC shows one single spot exactlymatching with the Rf value of spot 4.
Characterization of the Oxidation Productof Lansoprazole-- The HPLC-purified oxi-dation product of lansoprazole when ana-lyzed by EI+ mass spectroscopy shows aclear molecular ion peak at m/z 385,which was 16 mass units higher than thatof lansoprazole (m/z 369 not shown).This indicates that the compound is anoxidation product of lansoprazole involv-

ing the addition of one oxygen atom. Theoxidation product absorbs at 278 nmbecause of the presence of the benzenering. The addition of alkali does not causeany alkaline shift to the higher wavelengthcharacteristic to phenol, indicating thatno hydroxylation occurs at the benzenering to form hydroxylansoprazole. Whencompared with lansoprazole, no addition-al aromatic proton signal was detectablein the oxidation product by 1H NMR (notshown). Thus, the oxidation product hav-ing a molecular ion mass of 385 is anoxygenated species of lansoprazole,formed by scavenging of OH.
DISCUSSIONThe salient points of the present studiesare that omeprazole blocks stress andindomethacin-induced gastric lesionsthrough mechanism independent of itsrole on acid secretion. Omeprazole canprotect ulcer at a dose that does notinhibit acid secretion. Time course stud-ies on gastroprotection and acid inhibi-tion further indicate that omeprazole canalmost completely block gastric lesionsat the initial period when acid secretion isnot completely inhibited. On the otherhand, Larsson and co-workers showedthat intravenous doses of omeprazole thatblock acid secretion cannot protectethanol-induced gastric lesions, sug-gesting that acid inhibition plays no sig-nificant role on gastroprotective effect ofomeprazole, which is observed after oraladministration of the drug, presumablythrough its local action. Although thisobservation is opposite to ours becauseof the different experimental design anddifferent models of ulcer and acid secre-tion used, nevertheless, it is clear fromboth these studies that omeprazole offersgastroprotection through a mechanismother than acid inhibition. Second, evi-dence has been provided to show thatmajority of the gastric lesions is causedby endogenous OH, as revealed byalmost complete (~90%) protection byMe2SO, a specific OH scavenger. This isfurther supported by the finding thattime-dependent severity of gastriclesions correlates well with the increasein endogenous OH and has no correlationwith the luminal acid content. Almost
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24 Apr 2006
PPeptic ulcer incidence declining

Am J Gastroenterol 2006; Early online editionResults of a Danish population-based epidemiological study have revealedthat the incidence of uncomplicated as well as perforated peptic ulcers isdecreasing, while the incidence of bleeding ulcers is stable.
The research findings also indicate that an increasing proportion of patients withincident peptic ulcers are using non-steroidal anti-inflammatory drugs (NSAIDs),and that mortality and the risk of complicated ulcer is 2.5- to 37-times higheramong patients with incident peptic ulcer than among the general population.The study authors write in the American Journal of Gastroenterology that althoughthe risk of developing a complicated ulcer is known to be increased among indi-viduals with previously diagnosed peptic ulcer, the magnitude of this risk in dailyclinical practice is unclear.
Moreover, "while NSAID use is expected to account for an increasing proportion ofthe peptic ulcers, ecological studies of the relation have shown divergent results,"they add.

Konstantinos Demertzis, Dimitrios Polymeros, Theodoros Emmanuel, Konstantinos Triantafyllou,Pericles Tassios, Spiros D Ladas
Konstantinos Demertzis, Dimitrios Polymeros, Theodoros Emmanuel, Konstantinos Triantafyllou,Pericles Tassios, Spiros D Ladas, Hepatogastroenterology Unit, 2nd Department of Internal Medicine, �Attikon� University GeneralHospital, 11528 Athens, Greece Correspondence to: Professor Spiros D Ladas, MD, PhD, Hepatogastroenterology Unit, 2ndDepartment of InternalMedicine, �Attikon� University General Hospital, Athens, Greece.To evaluate the omeprazole maintenance therapy in patients with recurrentulcer bleeding after surgery for duodenal ulcer. We studied 15 consecutivepatients with recurrent ulcer bleeding after surgery for duodenal ulcer.Omeprazole (20 mg/d) maintenance therapy was given after ulcer healing. Inaddition to clinical follow-up, ambulatory 24-h gastric pH assay was performedbefore and during omeprazole therapy in those patients and controls with previousduodenal ulcer surgery but no ulcer recurrence.

All the 15 ulcers were healed after being treated with omeprazole (40 mg/d) for 2mo. Eleven patients with two (1-9) episodes of recurrent ulcer bleeding completedthe follow-up (43, 12-72 mo). None of them had a bleeding episode while onomeprazole. One patient discontinued the therapy and had recurrent bleeding. Themedian 24-h fraction time of gastric pH <4 in patients was 80, 46-95%, and wasreduced to 32, 13-70% by omeprazole ( P=0.002).
Long-term maintenance therapy with omeprazole (20 mg/day) is effective in pre-venting recurrent ulcer bleeding.

Omeprazole maintenance therapy preventsrecurrent ulcer bleedingafter surgery for duodenal ulcer 



complete protection by other antioxidantslike melatonin, desferrioxamine, and PBNfurther strengthens the view that OH playsone of the major roles in the developmentof gastric lesions. Third, omeprazolescavenges the endogenous OH and thusblocks radical-induced oxidative damageof the membrane lipid and proteins.Fourth, DNA damage and fragmentation,an indication of apoptotic cell death dur-ing ulceration, is also protected byomeprazole. Omeprazole or lansoprazolealso protects OH-mediated oxidativedamage of DNA in vitro. These studiesindicate that omeprazole blocks gastriclesions by acting as an antioxidant andantiapoptotic compound. Finally, usinglansoprazole as an analogue of omepra-zole, evidence has been provided to showthat lansoprazole scavenges OH to formlansoprazole sulfone as a major oxidationproduct. 
Gastric mucosal integrity is maintainedby a dynamic process of cell death andcell proliferation. Among various factorsinvolved in gastric mucosal lesions,oxidative damage (13, 22, 25-37) andapoptotic cell death (39-51) play signifi-cant roles in the loss of gastric mucosalintegrity caused by various aggressivefactors. In other words, lesions developwhen oxidative damage and apoptosispredominate over the healing process(62) by cell proliferation where the role ofvarious growth factors, nitric oxide,endothelin, angiogenesis, mitogen-acti-vated protein kinases, and oncogene (c-myc, c-Ha-ras, and c-fos) expression hasbeen demonstrated. The modernapproach of understanding the mecha-nism of the antiulcer effect of omeprazoleshould therefore be directed towardexploring its plausible role in preventingoxidative damage and apoptosis as wellas on the promotion of healing processby cell proliferation. As far our knowledgegoes, this is the first evidence to showthat omeprazole blocks gastric lesions bypreventing oxidative damage and apopto-sis of the gastric mucosal cells. Althoughomeprazole blocks ulceration at a lowerdose (<2.5 mg/kg) without inhibitingacid secretion, suggesting its independ-ent antiulcer activity, at higher doses itsadditional antisecretory action definitelyexerts beneficial effect by preventingaggravation of the wound, thereby help-ing the healing process by cell prolifera-tion. The question arises as to howomeprazole offers antiulcer activity inde-pendent of acid secretion. Our studiesindicate that omeprazole is highly effec-tive in blocking membrane lipid peroxida-tion and protein oxidation, which occurbecause of oxidative damage by ROSespecially by OH. Omeprazole can scav-enge the endogenous OH and thus pre-vents oxidative damage and gastriclesions. By blocking oxidative damagethrough lipid peroxidation and proteinoxidation, omeprazole prevents loss ofmembrane permeability and dysfunctionof the cellular proteins, leading to survivalof the functionally active cells. Many nat-ural and synthetic compounds are knownto offer antiulcer effect by acting asantioxidants. Melatonin (a pineal hor-mone), vitamin E, PBN, or desferrioxam-ine directly or indirectly decreases the

endogenous level of OH to block gastriculcer. Comparative bioefficacy studiesindicate that omeprazole is superior tothese antioxidants in blocking gastriclesions. However, the most importanteffect of omeprazole lies in its novel anti-apoptotic role during ulceration, as evi-denced by prevention of DNA fragmenta-tion in vivo. Apoptosis of mucosal cellsoccurs almost in all types of gastric ulcerwhere DNA damage and fragmentationoccur by various aggressive factors.Using histological section and terminaldeoxynucleotidyltransferase biotin-dUTPnick end labeling (TUNEL) staining tech-nique, gastric mucosal cell apoptosiswas detected up to 4 h after stress, fol-lowing which cell proliferation was foundto be significantly increased to promotemucosal healing. Moreover, apoptosis istriggered by the up-regulation of apopto-sis-promoting Bax mRNA and down-reg-ulation of the antiapoptotic Bcl-2 mRNAexpression. We have, however, directlydemonstrated stress-induced DNA frag-mentation in the surface epithelial celland the beneficial role of omeprazole toblock it, thereby preventing apoptotic celldeath and gastric lesions. It is not clearyet how differential expression of Bax andBcl-2 proteins controls apoptosis.However, decreased gastric mucosalblood flow leads to the ischemic condi-tion to generate ROS through alteration ofantioxidant systems of gastric mucosa,which may cause apoptosis through

oxidative damage of DNA. However,ischemia may also cause apoptosisthrough other mechanisms such asinvolvement of Bcl-2, Bax, and c-Fosproteins. Excessive generation of nitricoxide by gastric mucosal-induciblenitric-oxide synthase by stress also pro-motes apoptosis through increased for-mation of ROS. That ROS can cause

oxidative damage of DNA isolated fromboth rat and human gastric mucosalepithelial cells has been evident from ourin vitro studies where incubation of DNAwith an OH-generating system causesextensive DNA degradation, which is sen-sitive to catalase and DMPO. Bothomeprazole and lansoprazole have aunique capacity to block this oxidativedamage, indicating its potent antioxidantrole to protect DNA from the attack of OH.This could be achieved if omeprazole orlansoprazole can directly scavenge the·OH to form oxidation product.Lansoprazole when incubated in the OH-generating system, can in fact diminishthe level of OH by its direct scavengingaction. This is evident by the observationthat incubation of lansoprazole in the·OH-generating system produces fouroxidation products, of which the majorone shows the addition of 16 mass units(m/z 385) over the mass of lansoprazole(m/z 369), indicating incorporation of anoxygen atom into lansoprazole.Omeprazole and lansoprazole undergooxidation in cytochrome P-450 systemsto produce hydroxyomeprazole or hydrox-ylansoprazole and omeprazole sulfone orlansoprazole sulfone. Hydroxylation in thebenzene ring of lansoprazole in our sys-tem does not occur because the oxidationproduct absorbing at 278 nm does notshow the characteristic alkali shift for theformation of phenol. Absence of anyadditional aromatic proton signal in the

1H NMR spectrum also negates the pos-sibility of the formation of phenolic groupin the oxidation product. Thus, addition ofan oxygen atom has occurred at the sul-fur atom of the lansoprazole to form lan-soprazole sulfone. The possible mecha-nism of formation of lansoprazole sulfonefrom lansoprazole by scavenging OH.Lansoprazole is converted to a highly

reactive sulfur centered radical interme-diate by scavenging the OH, and theintermediate is stabilized to form lanso-prazole sulfone by further incorporationof OH at the sulfur radical with the elimi-nation of one molecule of water.
The present study thus provides the firstdirect evidence for the antioxidant andantiapoptotic role of omeprazole in pre-venting gastric ulceration by scavengingendogenous OH. This is in contrast to theearlier observation that omeprazole nei-ther protects indomethacin-induced gas-tric damage nor decreases apoptotic DNAfragmentation. Although a large numberof reports (including the present study)indicate that omeprazole preventsindomethacin-induced gastric damage,the inability of omeprazole to block gas-tric lesions and associated apoptosis isnot clear, and hence the conclusion thatomeprazole does not possess antiapop-totic property to block indomethacinulcer remains to be verified. However, aquestion may arise as to what percentageof total gastroprotection by omeprazole ismediated through block of apoptosis andits antioxidant action by scavenging OH.Because quantitation of total gastropro-tection by omeprazole is difficult toassess because it has morphological,cellular, biochemical and pharmacologi-cal parameters, extensive studies arerequired to answer this question. Becausegastric ulceration is a multifactorialprocess, it is possible that gastroprotec-tive effect of omeprazole may partially bemediated through other mechanismsalso. Recently omeprazole has beenshown to prevent compound 48/80 (mastcell degranulator)-induced gastriclesions (with no acid secretion) by actingas an antiinflammatory agent and also bypreventing neutrophil infiltration, activa-tion, and associated mucosal damage.Thus, omeprazole may have multiplemodes of action. Although no unifyingconcept has developed yet on the mech-anism of gastric mucosal damage causedby various ulcerogens, it will be interest-ing to investigate whether omeprazolehas a common molecular target for gas-troprotection. Because apoptosis andreactive oxygen species play significantroles in mucosal damage, it is conceiv-able that antiapoptotic and antioxidantrole of omeprazole play a major part inthe total gastroprotection. These novelactions of omeprazole are of particularclinical significance for the control ofgastroduodenal ulcer by this class of pro-ton pump inhibitors.
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Digestive Disease Research Institute, Oklahoma City, OK, USA.paul-maton@ouhsc.eduStress-related gastric mucosalbleeding occurs in a substan-tial number of critically illpatients, with clinically impor-tant gastrointestinal bleeding prolong-ing intensive care stay and increasingmortality. This paper reviews the role ofproton-pump inhibitors in the preven-tion of stress-related mucosal bleed-ing. Bleeding prophylaxis appears tobe warranted in patients in intensivecare units on mechanical ventilation orthose who have coagulopathy.Intravenous histamine H2 receptorantagonists, particularly cimetidine,have demonstrated efficacy for the pre-vention of bleeding in critically illpatients. Standard delayed-releaseproton-pump inhibitors have not beenextensively studied in this patient

group, but there are some data to sup-port their efficacy in increasing intra-gastric pH, and in the case ofintravenous pantoprazole in preventinggastrointestinal bleeding. In a large,randomized controlled trial, immedi-ate-release omeprazole [(IR-OME)Zegerid powder for oral suspension;Santarus Inc., San Diego, CA, USA]administered via gastric tube, was aseffective as intravenous cimetidine inthe prevention of clinically significantbleeding, and more effective inincreasing gastric pH. Effective antise-cretory therapy does not appear toincrease the risk of nosocomial pneu-monia. In conclusion, immediate-release omeprazole provides a safe andeffective alternative to intravenouscimetidine for the prevention of stress-related mucosal bleeding in criticallyill patients.
PMID: 16303037 [PubMed - in process] 

Prevention of stress-related mucosalbleeding with proton-pump inhibitors



Konstantinos Demertzis, Dimitrios Polymeros,Theodoros Emmanuel, Konstantinos Triantafyllou,Pericles Tassios, Spiros D Ladas

AbstractAIM:To evaluate the omeprazole maintenancetherapy in patients with recurrent ulcerbleeding after surgery for duodenal ulcer.
METHODS:We studied 15 consecutive patients withrecurrent ulcer bleeding after surgery forduodenal ulcer. Omeprazole (20 mg/d)maintenance therapy was given afterulcer healing. In addition to clinical fol-low-up, ambulatory 24-h gastric pHassay was performed before and duringomeprazole therapy in those patients andcontrols with previous duodenal ulcersurgery but no ulcer recurrence.
RESULTS: All the 15 ulcers were healed after beingtreated with omeprazole (40 mg/d) for 2mo. Eleven patients with two (1-9)episodes of recurrent ulcer bleedingcompleted the follow-up (43, 12-72 mo).None of them had a bleeding episodewhile on omeprazole. One patient discon-tinued the therapy and had recurrentbleeding. The median 24-h fraction timeof gastric pH <4 in patients was 80, 46-95%, and was reduced to 32, 13-70% byomeprazole (p = 0.002).
CONCLUSION:Long-term maintenance therapy withomeprazole (20 mg/day) is effective inpreventing recurrent ulcer bleeding.

Demertzis K, Polymeros D, Emmanuel T, Triantafyllou K, TassiosP, Ladas SD. Omeprazole maintenance therapy prevents recur-rent ulcer bleeding after surgery for duodenal ulcer. World JGastroenterol  2006; 12(5):791-795
http://www.wjgnet.com/1007-9327/12/791.asp

INTRODUCTIONH pylori eradication therapy and the useof potent proton pump inhibitors (PPIs)have dramatically reduced the need forsurgical therapy of peptic ulcer disease.Still, about 10 % of duodenal ulcerpatients undergo emergency surgicaltherapy for acute ulcer bleeding.However, recurrent ulcer is not uncom-mon as it occurs in 10-15 % of patientsafter vagotomy and drainage and in 2-5 %of patients after gastric resection. Thismay be complicated by life threateningacute recurrent ulcer bleeding in certainpatients, requiring hospitalization.
Several studies have investigated the rateof ulcer recurrence after duodenal ulcersurgery and the completeness of vagoto-my, but only a few studies have evaluatedthe anastomotic ulcer healing rates afterbeing treated with H2 receptor antago-nists (H2RA) or PPI therapy. Studies haveshown that H pylori infection of the gas-tric mucosa is not related to ulcer recur-rence after gastric surgery. Furthermore,it has been shown that 28 % of anasto-

motic ulcers recur within 6 wk after dis-continuing cimetidine therapy, and 33%relapse within a year while on cimetidinemaintenance therapy.These patients are often treated with asecond operation. However, to the best ofour knowledge, there are no studiesinvestigating the long-term outcome ofpatients with recurrent post-surgical ulcerand whether maintenance acid suppres-sion therapy with PPIs may prevent recur-rent ulceration and/or re-bleeding.Therefore, the present prospective openlabel study was conducted to investigategastric pH profile and the effect ofomeprazole maintenance therapy inpatients presented with recurrent ulcerbleeding after duodenal ulcer surgicaltherapy.
MATERIALS AND METHODSOver a 7-year period, this prospectiveopen label study included 15 consecutivemale patients admitted to our departmentdue to recurrent acute ulcer bleeding. Allpatients underwent gastric surgery forduodenal ulcer disease at least 2 yearsago.
Clinical studyIn each case, emergency endoscopy wasperformed to confirm recurrent ulcerbleeding. The finding of an ulcer wasconsidered as the bleeding cause if activebleeding or stigmata of recent hemor-rhage were noted in the absence of otherlesions. The recurrent ulcers were peris-tomal or duodenal in location. At thesame time, detailed history was obtainedabout the indication and time of past gas-tric operation and the number of hospitaladmissions with hematemesis or melenaafter gastric surgery. History specificallyincluded questions about the use ofH2RA, PPIs or non-steroidal anti-inflam-matory drugs (NSAIDs), smoking andalcohol abuse. In all the patients fastingserum gastrin and salicylate concentra-tions were determined to excludeZollinger�Ellison syndrome and recentconsumption of non-steroidal antiinflam-matory drugs. Patients who were on non-steroidal anti-inflammatory drugs wereexcluded. During endoscopy, multiplegastric mucosal biopsies were obtainedto investigate H pylori infection.
All patients were initially treated withintravenous omeprazole (20 mg every 12h) and then orally after discharge from thehospital. H pylori eradication therapy wasnot used to prevent ulcer recurrence, butH pylori was eradicated in two patientsbecause of severe H pylori gastritis.Follow-up endoscopy was scheduled at 2mo, while on oral omeprazole (40 mg/d)to confirm ulcer healing. Thereafter, thepatients were instructed to receive oralomeprazole (20 mg/d) maintenance ther-apy, to avoid the use of any non-steroidalanti-inflammatory drugs and to have fol-low-up every 6 mo as outpatients.
Twenty-four-hour gastric pH studies

Twenty-four-hour gastric pH studies wereperformed in the following groups onomeprazole therapy (20 mg/d) but not onantisecretory therapy: patients with first orsecond degree reflux esophagitis (LosAngeles classification) (�normal� con-trols); patients with duodenal ulcer; con-trols who underwent vagotomy andpyloroplasty or gastrojejunostomy forduodenal ulcer but had no ulcer recur-rence; controls who had Billroth II partialgastrectomy and patients who had recur-rent anastomotic ulcer bleeding after gas-tric surgery for duodenal ulcer. In the lat-ter group of patients (test group), 24-hgastric pH studies were performed whileon omeprazole (40 mg/d, 20 mg/d).Omeprazole was then discontinued andthe patients were treated with ranitidine150 mg twice daily for 2 d, followed by a2-d washout period before the pH studyin patients not on antisecretory therapy.The duodenal ulcer group includedpatients admitted to our department foracute ulcer bleeding and volunteered tohave 24-h pH studies. The vagotomy andgastrectomy control groups includedpatients who attended the outpatient clin-ic for various epigastric symptoms andvolunteered to participate in the studyafter having a negative gastroscopy.
Gastric ambulatory pH monitoring wasperformed using a monocrystalline anti-

mony pH catheter. The electrode waspassed transnasally into the stomach,10-15 cm below the detectable esopha-gogastric junction by endoscopy. Thecatheter was connected to a portable pH-recording device (Digitrapper Mk III,Synectics Medical AB, Stockholm,Sweden). Recorded data were uploadedinto the "EsopHogram Analysis Software�for analysis and review. During the 24-hpH studies, patients were encouraged tokeep up their usual activities and diet inorder to maximize the diagnostic yield ofthe test. The 24-h fraction (%) time whenthe gastric pH was below 4 was calculat-ed.
All patients and volunteers gave oral con-sent after being informed of the purposeof the study by the investigator. The studyprotocol was approved by the EthicsCommittee on Human Studies,Department of Internal Medicine, MedicalSchool of the Athens University. The trialwas conducted according to the declara-tions of Helsinki.
Statistical analysisWe used non-parametric statistics[�Statgraphics-Plus� version 4 forWindows (Manugistics Inc., Rockville,USA)], because of the small number ofobservations included in each group.Results were presented as median withranges. We used the non-parametricMann-Whitney (Wilcoxon) two-sided U-test and the Kruskal-Wallis t-test for twoand multiple-sample comparison analy-sis, respectively. p < 0.05 was consid-ered statistically significant.
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PPURPOSE: To determine the appropriate omeprazole (Prilosec) dose required foradequate acid suppression in asthmatics with gastroesophageal reflux, whetheraggressive acid suppressive therapy of gastroesophageal reflux improves asthmaoutcome in asthmatics with gastroesophageal reflux, the time course of asthmaimprovement, and demographic, esophageal, or pulmonary predictors of a positiveasthma response to antireflux therapy.
PATIENTS AND METHODS: Thirty nonsmoking adult asthmatics with gastroe-sophageal reflux (asthma defined by American Thoracic Society criteria and refluxdefined by symptoms and abnormal 24-hour esophageal pH testing) were recruit-ed from the outpatient clinics of a 900-bed university hospital. Patients underwentbaseline studies including a demographic questionnaire, esophageal manometry,dual-probe 24-hour esophageal pH test, barium esophogram, and pulmonaryspirometry. During the 4-week pretherapy phase, patients recorded reflux and asth-ma symptom scores and peak expiratory flow rates (PEFs) upon awakening, 1 hourafter dinner, and at bedtime. Patients began 20 mg/d omeprazole, and the dose wastitrated until acid suppression was documented by 24-hour pH test. Patientsremained on this acid suppressive dose for 3 months. Responders were identifiedby a priori definitions: asthma symptom reduction by >20% and/or PEF increaseby >20%. Asthma symptom scores, PEF's baseline and posttherapy pulmonaryspirometry were analyzed.
RESULTS: Twenty-two (73%) patients were asthma symptom and /or PEF respon-ders: 20 (67%) were asthma symptom responders, and 6 (20%) were PEF respon-ders. Responders reduced their asthma symptoms by 57% (P<0.001), improvedtheir morning and night PEFs by 8% and 9% (both P <0.005), and had improve-ment in forced expiratory volume at 1 second (P <0.02), mean forced expiratoryflow during the middle half (25% to 75%) of the forced vital capacity (P <0.04),and peak expiratory flow (P <0.01) with acid suppressive therapy. Mean acid sup-

Asthma and gastroesophageal reflux:acid suppressive therapy improves asthma outcome
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RESULTSClinical data and follow-upOver a 7-year period, 15 consecutivemale patients with recurrent ulcer bleed-ing after surgery for duodenal ulcer wereadmitted to our department because ofacute bleeding episode. Serum gastrinwas normal and salicylates were notdetected in the serum in any of the 15patients during their hospitalization. Inaddition, all patients denied the use ofnon-aspirin, non-steroidal anti-inflam-matory drugs after thorough interrogation.
Ulcer in all the 15 patients was healedafter treatment with omeprazole (40mg/d) for 2 mo. However, four of themdid not consent to gastric pH studies andwere lost to clinical follow-up within thefirst year from entering the study.Therefore, data were presented for 11patients.
Two out of the eleven patients had a his-tory of two gastric operations because ofrecurrent ulcer bleeding. The time ofrecurrent ulcer bleeding after gastric sur-gery was 6 years, averaged 2-18 years.The number of hospital admissionsbecause of post surgical ulcer bleedingwas 2, averaged 1-9. At study entry, 3/11patients were smokers and 5/11 were Hpylori-positive. H pylori was successfullyeradicated in two of these five patientsupon admission to the study. One of theH pylori-negative patients had successfultriple eradication therapy at another hos-pital a year ago.
No recurrent ulcer or re-bleedingoccurred during the maintenance therapy(omeprazole 20 mg/d) over the follow-upperiod (43 mo, averaged 12-72 mo). Onepatient discontinued treatment and hadrecurrent bleeding 8 mo after stoppingomeprazole. Currently, he was symptom-free on omeprazole maintenance therapy.

There were no significant adverse eventsrelated to treatment.
Twenty-four-hour gastric pH studiesResults of the 24-h intragastric pH moni-toring studies are shown in Table 2. The�normal� control group included 10patients with first or second degree refluxesophagitis, who were matched for age,sex and H pylori status with the recurrentpost-surgical ulcer patients. They wereselected from a pool of patients withreflux esophagitis on 24-h esophageal-gastric pH monitoring. The duodenalulcer control group included sevenpatients hospitalized because of duode-nal ulcer bleeding. The vagotomy controlgroup included seven patients who hadtruncal vagotomy and drainage for duo-denal ulcer. The gastrectomy controlgroup included seven patients who hadpartial gastrectomy (Billroth II) for duode-nal ulcer. Volunteers of the vagotomy andgastrectomy control groups studied atleast 2 years postoperatively had no post-operative ulcer recurrence. The test groupincluded ten of the eleven patients whohad truncal vagotomy (n = 5) or BillrothII gastrectomy (n = 5) and recurrentanastomotic ulcer bleeding. Intoleranceto nasogastric pH probe was not studiedin another patient who had vagotomy anddrainage. There were three failures out of30 24-h gastric pH recordings in the testgroup. One of the vagotomy controlsrefused to have the 24-h pH study onomeprazole.
Treatment-free (baseline) 24-hourgastric pH studiesThe 24-h gastric pH measurements of thegroups studied during treatment-freeperiod are shown in Table 2. There was astatistically significant difference in the24-h fraction time of gastric pH < 4among the six groups (T = 29.10, p <0.001), with the lowest values recordedin the Billroth II gastrectomy control

group. Patients who had vagotomy andrecurrent ulcer bleeding had a signifi-cantly different (higher) 24-h fractiontime of gastric pH < 4 as compared tovagotomy controls (U = 32, p = 0.023).This difference was also significant whenbleeding patients after gastrectomy werecompared to those of the gastrectomycontrol group (U = 35, p = 0.006).
Twenty-four hour gastric pH studies(omeprazole 20 mg/day)Gastric pH studies were performed in thecontrol and patient (test) groups onomeprazole (20 mg/d). Billroth II gastrec-tomy control group did not undergo thisstudy because of the low fraction time ofgastric pH <4 recorded during treat-ment-free gastric pH monitoring.Omeprazole therapy (20 mg/d) signifi-cantly reduced the 24-h fraction time ofgastric pH < 4 in both control and patientgroups.

Twenty-four hour gastric pH studiesin patient groupEight out of the ten patients underwent all(baseline 20 mg/day and 40 mg/dayomeprazole) 24-h gastric pH studies.One additional patient underwent onlybaseline, and another patient both base-line and omeprazole (20 mg/day) 24-hgastric pH studies. The 24-h fraction timeof gastric pH < 4 (80, 46 - 95%) wassignificantly reduced by omeprazole (20mg/d) to 32, 13 - 70% (U = 6, p =0.002) and by omeprazole (40 mg/d) to11, 1- 40% (omeprazole 20 mg/day vs40 mg/day, U = 9, p = 0.01).
DISCUSSIONThe data of the present study showed thatrecurrent ulcers after gastric surgery forduodenal ulcer can heal after 2 months of40 mg/day omeprazole therapy. Evenmore important, none of our patients hada re-bleeding episode while on omepra-zole maintenance therapy over a 3.5-yearfollow-up period.
A large review is available on the compli-cations associated with ulcer recurrencefollowing gastric surgery including 130studies published on this topic over a 30-year period. The authors estimated thatvagotomy plus drainage is associatedwith a 9 % recurrence rate and a risk ofhemorrhage of 1.7 %. Partial gastrectomyhas a lower recurrence rate (< 1 %) buta similar risk of hemorrhage (1.3 %).Such patients with recurrent ulcer bleed-ing are often submitted to a second gas-tric operation to cure recurrent ulcer.Similarly, most of our patients had a his-tory of two or more hospital admissionsfor recurrent ulcer bleeding after surgeryand two of them had a second gastricoperation that failed to cure recurrentulcer.                            
Cimetidine has been used in a few clini-cal trials including a small number ofpatients with recurrent ulcer bleeding fol-lowing surgery for peptic ulcer disease.Cimetidine heals about 85 % of ulcerswithin 8 weeks, but about 30 % of ulcersrelapse within 6 months after discontinu-ing therapy. Furthermore, 33 % of ulcersrecur 1 year after surgery while on cime-tidine maintenance therapy[6], probablybecause of tolerance to H2RA, which is

more significant after 4 wk of therapy.Finally, there is only one clinical trialusing omeprazole therapy for 12 patientswith recurrent ulcer after vagotomy orgastrectomy and all ulcers are healedafter 8 weeks of omeprazole therapy[8],suggesting that maintenance therapy withPPIs is the only alternative for surgicalintervention. Since as many as one-thirdof patients with anastomotic ulcer haverecurrent ulcer within a year after discon-tinuing acid reduction therapy, an opentrial of PPI maintenance treatment shouldbe considered ethically justifiable.
The role of H pylori in recurrent pepticulcer disease after gastric surgery hasbeen investigated in several clinical stud-ies, showing that H pylori does not playan important role in post surgical ulcerrecurrence. Less than half of our patientswith recurrent ulcer bleeding were Hpylori-positive upon admission to thestudy. Furthermore, one of our patientswho had successful H pylori eradicationtherapy during a previous hospitalizationwas admitted to our department for a newepisode of anastomotic ulcer bleeding.Another patient had two gastric opera-tions for recurrent ulcer bleeding. Uponstudy entry, he had successful H pylorieradication therapy, followed by omepra-zole (20 mg/d) maintenance therapy. Hewas healthy for 2 years and then lost hisfollow-up. He was readmitted to anotherhospital for recurrent ulcer bleeding 8 moafter discontinuing PPI maintenance ther-apy, though he was H pylori-negative.
With regard to the underlying mechanismof ulcer recurrence, our study showedthat patients with recurrent ulcer bleedingafter truncal vagotomy or partial gastrec-tomy had a higher treatment-free 24-hintragastric acidity than controls with noulcer recurrence after the same operation,suggesting that vagotomy may be incom-plete due to a retained antrum. Our datashowed that ulcer healing therapy withomeprazole (40 mg/d) could stronglyinhibit gastric acid secretion. The intra-gastric acidity could also be significantlyreduced with oral omeprazole mainte-nance treatment (20 mg/d).Other factors that may be implicated inulcer recurrence after surgical treatmentfor duodenal ulcer include a decreasedresistance to acid in the jejunal mucosa,the site of pyloroplasty and anastomosis,possibly due to local ischemia and scar-ring. Hirschowitz and Lanas also showedthat aspirin abusers develop intractablerecurrent ulceration following gastric sur-gery for peptic ulcer disease. However,our patients refused to use non-steroidalanti-inflammatory drugs and their serumsalicylates were negative. Zollinger-Ellison syndrome was also excluded bynormal fasting serum gastrin.
In conclusion, omeprazole (20 mg/d)maintenance therapy should be the treat-ment of choice for patients with recurrentulcer after gastric surgery for duodenalulcer disease.
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A novel antioxidant andantiapoptotic role ofomeprazole to block gastric ulcerthrough scavenging of hydroxylradical
Biswas K, Bandyopadhyay U, Chattopadhyay I, Varadaraj A, Ali E, Banerjee RK.Department of Physiology, Indian Institute of Chemical Biology, 4, Raja S. C. Mullick Road, Kolkata 700 032, India.The mechanism of the antiulcer effect of omeprazole was studied placingemphasis on its role to block oxidative damage and apoptosis duringulceration. Dose-response studies on gastroprotection in stress andindomethacin-induced ulcer and inhibition of pylorus ligation-inducedacid secretion indicate that omeprazole significantly blocks gastric lesions atlower dose (2.5 mg/kg) without inhibiting acid secretion, suggesting an inde-pendent mechanism for its antiulcer effect. Time course studies on gastroprotec-tion and acid reduction also indicate that omeprazole almost completely blockslesions at 1 h when acid inhibition is partial. The severity of lesions correlates wellwith the increased level of endogenous hydroxyl radical (*OH), which when scav-enged by dimethyl sulfoxide causes around 90% reduction of the lesions, indicat-ing that *OH plays a major role in gastric damage. Omeprazole blocksstress-induced increased generation of *OH and associated lipid peroxidationand protein oxidation, indicating that its antioxidant role plays a major part in pre-venting oxidative damage. Omeprazole also prevents stress-induced DNA frag-mentation, suggesting its antiapoptotic role to block cell death during ulceration.The oxidative damage of DNA by *OH generated in vitro is also protected byomeprazole or its analogue, lansoprazole. Lansoprazole when incubated in a
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