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ABSTRACT , ‘

it is generally believed that gastric acid (H+)'is important in the-
pathogenesis of duodenal Qlcer (DU). The rolg'of H+ in gastric ulcér
(GU) and gastroesophégeal reflux (GERD) is‘less well defined. However,
one of the approaches to thgrapy of these conditions has been airected
vtowards gastric acid suppression. A;cordiﬁgly; a series of studles were
éohducted to evaluate the intragastric H" and serum gastrin profiles in
31 DU,'8 GU, 6 GERD and 7 normal subjgcts (N) over .a 24—hour(period
under physiologic conditions closest to ‘real life. Patients with DU

tended to have higher bafal acid output (BAO) than N but there was a

considerable overlap. The values %©f BAO in GU and GERD patients

overlapped witg the values 1in N. In résponse .to pentagestrin, the
maximal acid output (MAO) was higher in DU than in GU or N. The mean
MAO was similar in GERD and.in N. The 24-hour pH profile was similar in
all subject groups,although the pH values remained > 4.0 for a longer
period in GU..than in DU or N. Furthermére; the Y activities after each
meal, overnight and over i&—h;ﬁr period were si@ilar in all subject
groups. The basal gasérin concentration (G) in GU was higher than that
in DU whose value was higher thaﬂ that in N. However, the differences
in the basal Gﬁbetweeﬁ these subject groups failed to reach s;gnificant
lévels. Neither was the difference in basaI‘Q b?éﬁfen patients with'
GERD and normal subjects significant. JThe postprandial G responses were
higher in DU, GU, GERD than that in N. ,Indeed, the G responses
following meals were numerically higﬁer‘in CU than iH\BUf{

,Thé ‘antisecretory property of cimetidiné 600 mg bid (C) was

B

evaluated in 23 DU, 8 GU and/7 DU. C was associated with gt Suppression



t . ~

after breakfast, overnight ;ndiover 24-hour period in DU and N, whereas
ut suppression was observed at all timeaperiédé in GU patiené$ treated
with C. This morevprolonggd ut suppression by C {in QU than in DU or N
cannot be explained by the d;ffefence in intragastric ut or in ga§trin
concentration. The ratilo of HT:G ténded to-be higher in N than in DU or
Gﬁ. This H+:G_ waél markedly suppressed. by C in. DU and GU, 'but was
-minimally suppressed by C in N. This suggests that C mayjalter the
sensitivity of parietal cells to endogenous gastrin in khese DU and GU
patients. . ‘ o

Cimetidine 1s commonly wused. in the: treatment"'of’ acid pepsin
"disorders. For tﬁe'purpose of i{mproving patieng co;pliance, the do;age
of‘cimetidine was modified to 600 mg twice a day. This twice daily
cimetidine was associétéd.with lower ﬂ+ afte; breakfast and overnight
when compared t; the conventional dose of cimetidine 300 mg qid.- This

a - . .

‘superiority cannot be explained by the change in gastrin concéntrationh
or by the difference in serum c#metidiﬁe concentration‘ as similar
postprandial gastrin resﬁqnses<3and cimetidy{ne pharmacokinetics were
éﬁserved in. the two cimetidine regimens-

Some patients with acid-pepsin «disorders fall to respond to a
single agent thérapy: ) This failure of résponée may be related to

N

inadequate acid suppressiom. The antisecretory effect of combination

LN

therapy of cimetidine with antacid or with an antimuscarinic agenﬁ was

. ~._ -
tested against a single agent. This study showed that both Mylanta II
and plrenzepine potentiate and prolong the acid suppressing effect of

cimetidine. The study also suggested the superiority of ranitidine over

cimetidine 1in gt subpression in patients with GERD. Enprostil (E), a

F Y

synthetic dehydro-prostaglandin E, given as 35 mecg bid is a potent

vi



antisecretory: and antigastrin agent. " The nocturnal ut was glmilarly
sup;ressed by E 35 mcg bid and by I 70 mcg hs.

This study suggésts' the similarity of 24;hour intragastric ty
profile 1in patients with Fcid—pepsin diso;ders and normal subjects.
Patienﬁs with DU and GU differ from normal subjects 1in their BAO, MAQ
and 1in their»food—spimulated gastrin responses. We séeculate that acid
may . only play a permigéive role in the paﬁhogenesis of the aiseasus.
Gastric_acidity can be supprgssed by the administration of cimecidiné in

“all subject groups. G:eat;r acid suppresgioh can be achieved'siﬁpiy by
modifying the "dosage reéimen or by using combination therap?. The

gtudies provide some basis for the selection of therapeutic regimens in

the treatment of acid-pepsin disorders. Thel»potent‘ an_isecretory .

regimens would certainly benefit those who are acid hype%secretops. On
the contrary, other modes of therépy méy be more beneficial in the other

subgroups of patients whose faltofs’ other than gastric acld secretion

are impaired. <

] -

> . .
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1. INTRODUCTION o e

1.1 General

Peptic ulcer is believed to occur when there 1is an imbalance -
between the aggressive factor of acid and pepsin, and the defensive

factor of mucosal resistance (60). It is manifested by an inkerruption

. -« .
of the gastroduodenal mucosa extending through the muscularis mucosae.
. [ '

The pathophysiological and therapeutic approaches so far have been

mainly focused on thé aggressor side, of gastric acid and pepsin. On the

'one hand, gastric and duodenal ulcers are usually grouped together as

peptic ulcer disease ‘which signifies the role of acid and pepsin in the
formation of ulcer. On the other hand, there is genetic; environmental

and pathophysiologic evidence suggesting that they are of different

2

disease entities.
‘Different physiological abnormalities have been described in

patients with gastric ulcer and duodenal ulcer. The role of gastric

o

‘acid in the pathogenesis‘ of duodenal ulcer {s demounstrated by the

\

therapeutic 'efficacy of the antisecretory agents in the treatment of
duodenal ulcer. Some patients with duodenal ulcer have high basal and
stimulated»acid output, although there is often an“overlap with normal
sub jects (44). 'Ho;ever, duodenal ‘ulcer' has"never been reported in

patients with achlorhydria. On the other hand%'duodenal.ulceration is

3

common in patients with 'hyperseéretory states such as in Zollinger-

o

Eilison syndrome.

The importance of gastric acid in gasttfc ulcer 1is less well
defined. The acid‘secretory capacity in patients with gastric ulcervmay

depend on the anatomical location of the ulcer or its association with

duodenal ulcer. Gastric ulcer may be classified into three main types

0y
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:ac¢bfding' to the location of the wulcer and the acid secretory
capacity: t&pe I cénsists of ulcer {in the body of thé:stomach and
représents 57% of all gastric ulcers which are hypgrsecrétors;.type II
is the group whose ulcer in the body of the Ftomécﬁ is cpmbined wifh
duodenal ulcer and .comprises 22% of total pétient; with gastric ulcer
who als? are gypersecretors; the other’ 20% 1is the type IIIL prepyloric
ulcer who have acid Hypersecrefion and behave like duodenal uléer
{48). Alphough the majorify of géstric ulcer patients secrete . lower
amounts of acid than d s the normal population, the role of acid in the
.formdtion of gdgtrig‘ulcerupannot be totally excluded. Achlorhydria may
ohly be the copséquence of established wulceratiom. It has been
postulate& that the loss of luminal hydrogen ijn (ﬁ+) may occur with
increased H' back diffusion through the damagég ﬁ#cosa. The conéomitant
inflammation may, lead td impaired secretory capacity and the refluxed
duodenal content. may neutralige‘_the tastric acidity. Some " recent
studies have shown that antisecrétbfy agents aré effective 1in the
héaling of gastric ulcer (30).- |

N

. Gastroesophageal refldx disease is another acid-pepsin disorder .in
/’( . ' ) . . . .
which gastric acid may‘bérimportant in the pathogenesis of the disease

)

l . i}
(33,39). Altered gastric acid secretion has not been well described in

gaAtroesophageal reflux disease although refluxed gastric acid: may

vincféase the propensity for mucosal damage..‘One of the mainstays of the

e

treatment of reflux esophagitis is a reduction in géstficlacid. —_

\

In spite of the accepted role of acid in.pep}ic ulcer disease, it,.

1s still not clear how much acid 1s required for/the formation of the

>

ulcer and how @uch.acid is needed to be suppressed to attain the healing

3

of the ulcer;‘ Not all patients with ulcer necessarily secrete higher

than normal gmo&nts of gastric acid. In. this instance, the other side

Tk
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of the’ balance  which predisposes to ulcer formation might become more

v
n

relevant. .

’ .

i : »
A pathophysilologic role of "altered gastrin metabolism in peptic
ulcer disease has been postulated. »The increased gastrin release\aftcr

food or sham feeding has been reported -in duodenal ulcer (63), and

“

elevated gastrid concentration was reported.,in gastric ulcer (21).. =

Fasting gastrin concentration has previously been shown to be elevated
in .patients with gastroesphageal reflux disease (84).

1.2 Aims and Scope of Research

_Therapy of peptic ulcer disease so far has been directed, towards

the reduction of gastric acid. The use of antisecretory agents that

have been introduced are based on thej knowledge of parietal cell

function. Fallure to respond to antisecretory agents. has been reported

and this may be reiated to idadequate acid suppression or may he due to

the fact that factors pother than acid are ﬂresponsible for wulcer

formation: A series of studies have been. undertaken directing towais a

<

better understanding of the role of acid and gastrin metabolism in

peptic ulcer disease. ‘The objectives were:

—

> 1., -To develop a technique for assessing éastric acid profile and

gastrin response to a meal ‘under physiologic conditions in normal

volunteers and in patilents with peptic ‘ulcer disease.

¢

2. To evaluate the pharmacological effects. of various antisecretory

agents;_igﬂ,normaf//;olunteers and patients with peptic ulcer

diseasew From the practical standpoint, the most effective acid

-

suppression regimen‘either, by dosage modification or by’ combining

&
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o

therapy, can be determined.. This may be necessary in patients who

fail to respond to coaventional therapy or in patienté‘with an acid

hypersecretory state.

To determine the effect. of these antisecretory agents on serum

'gastrin concentration.

¢

¢

To .develop a mddel‘for studying pharmacokineEics of antisecretory

agents and drug interaction when combination therapy 1is used.

k! ; ol
N i
) y

-

To determine the relationship between gastric acidity and gastrin

response 1in patilents with peptic ulcer disease and normal sub jects.

o

>
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2. LITERATURE REVIEW

2.1. Anatomical Background
Structure of Gastric Mucosa . _ .

The'gastric mucosa is lined by a simple columnar epicﬁelium with
numerous tubular invaginations called the gastric pits (45). - Single ér
multiple tubular gastri: glands, either simple or\branched,bopen into
the base of the gastrtic pits. The lamina propria which 1s a loose
connective ﬁissue underneath the gastrid eplthelium contains blood
vessels, nerves, smooth ﬁuscle cells and various connective tissue
cells. The musculéris mucasa 1s the muscle layer that separates the
gastric mucosa from tﬁe submucdsa. The.éubmucosa is a layef of dense
connective tissue,which contains‘blood vessels and nerves, inc..ding the
Meissner's plexus. The l§mphatic “plexuses are dispersed in the
musculari; ﬁucosa and submucosa and projectéd ingo the lamina propria.
The wmuscular Loat of -the stomach consists of smooth muscle cells
arranged as oblique, circular and:longituAinal layers. In between these
muécular layers, 1s the Auerbach's plexus, which is a symp;thetic nerve
- plexus. The serosa is the outermost layer which is’a thin layer of
loose conngctive tissue covered by a layer of sqﬁamods cells (46).

fhere ar;'three main types of gastric glands: the cardiac, pyloric,
and oxyntic (or fundic) glands. The—cardiac ‘glands occupy the area
adjacent to the esophagus. The predominant:célls gfe mucous cells which
ﬁroduce secretionirich in mucus. They also contain und{ffere 'iated‘and
endocrine cells. Tpe'0xyntic‘gLands dccupy most of the fundus and body.
of the s;omach. They gontain oxyntic parietal cells whicg secrete
hydroéhloric acid, cﬂief cells which secrete pepsindgeﬁ, mucous neck

cells, undifferentiated cells and endocrine cells. Chief cells are the

major cell type in the base of the gland; parietal cells predominate in

5



thé 1sthmus and. neﬁk regions, {intermingled with mucous neck cells,
undifferentiated cells, and a few chief cells: The endocrine cells are
located between the other cell types. The pyloric gland area is located
in éﬁe gastric antrum adjacent to the oxyntic gland area in the body of
the .stomach (57). The pyloric glands“contain mucous secreting cells and
é—cells which are the major source of gastrin. |

Ultrastructure  of the Parietal Cell and their Horphological

. Transformation
"Parietal celli contain large "numbers of mitochondria wh%ch account
for about 307 of the cell volume indicating an important coﬁtribution
of oxidati;n metabolism to the energy supply of the cell (41). The cell
contgins an 1infolding of the apical membrane called intracellular
cénaliculus (47). 1In the'reSting state; the cytoplasm of the parietal
cell is filled with tubulo?esicles which are specialiééd smooth
rendoplasﬁic reticulum. With stimulation of secretion, it was ghown that
these tubulovesicles fuse with the apical ﬁembrane forming extensive
secrepbrx canaliculi with numerous micrgvilli and communiqate with the

luminal surface of the cell. Removal of the stimulus reverses the

ultrastructure back.to its resting state (29).

-

2.1. Gastric Acid Secretion : . ' =

The\gastriC*hydrochloric acid (HCl) content approximates 160 mM,
\ . ,
| ,
~which 1is ﬁsotonic to plasma. This hydrochloric acid is secreted bt the

parietal ﬁells. The role of parietal cells in gastric acid secretiomn is’

based on  indirect evidence using  _animal experiments. Several

- experimental models have been used'for the study of acid secrétion by



;he gastric mucosa. Physiological ahd morphoiogicél changes in responée
to acid stimulation can be assessed in intact gastric mucosa, 1solated
parletal cells, isoléped gastric glands and membraneIVeéicles (80). 1t
has been generally ;cceéted ‘that the site of acia secretion 1s the
'secretory canaliculu; of the parietai cell (41). Direct measurement of
acid secretion 1is generally not wuseful to assess the response to
.stimulation, since tﬁe response 1is transient and {is neutfalized by
bicarbonate secretion. ‘Several other indirect indices of parietal cell
respoﬁSes to stimulation have been developed. As the secretion of
gastric acid is a highly. energy dependent process, tﬁé rate of oxygen‘
consumption is ipéreased-with stimulation, and this can be measured by
using pélarographic~ electrodes or respirometers (96). ﬁorpholoéical
transformation of the parietal céll can be assessed during stimulétion
of acid secretion; Lastly, the accumulation of a weak base in the acid
compartmenﬁs can be assessed to study the response of parietal cells .to
stiﬁulatfbn (12).

Accuméfatiqn of a weak base in the low pH compértment'has Seén used
to assess acid secretion. Aminopyrine is é' weak ba;e used to assess
pafietal cell functioﬁ in secreting acid. With its pKa of 5.0, it
remains mostly in the uniénized form which 1s freely permeable to
biological membranes at physiological pH. - Aminoéyrine becomes 1lonized
at acidic pH; for example at a pH near 2.0, the )ionized ‘form df
aminopyrine increases several thousand-fold. This unionizedA‘form is
poorly pe;meable across lipophilic _barrieés. Accumulation \;f
aminopyrine in the acid sbace, with a pH gradient across.a lipophilic
barrier, 1is therefore used as .an. index to ﬁonitoé' acid 'secretion by

parietal cells (11,12). It does not necessarily proVide a direct index

of the rate of .acid secretion, but rather is a measure of the

7 : .



concentration of sequestered acid in a specific space.

An oxldation-reduction mechanism (42) agd ATP (10) have been
ﬁroposed as energy sou}ces for écid secretion. Acdcording to the ré@ox
scheﬁe, gt is' genefated ~from the oxidation-reduction process and is

delivered to the secretory surface via thg‘ electron transport system

(Figure 1).
A prbtein‘donér, AH,, 1is oxidized by a membrane bound redox system

so that gt is transported across the membrane. The electrons are

.

transferred to an acceptor located on the cytoplasmic surface. The

proton is delivered to the secreted fluid .and the electron ‘is delivered

to the respiratory chain, and eventually is delivered to oxygen. A

hydroxyl ion (OH ), generated for every proton released, reacts with COp

coming from intracellular metabolism or from blood fo form bicarbonate
(HCO3—). The reaction between €0, and OH s catalyzed by enéyme
cérbonic anhy&rase.

ATP is another  proposed source 6f energy fo? acid secretion. K+
dependent ATPase “was .identified 1in ‘microsomal Jmembranes derived fr@@
fundi; mucosa (31;85). This .enzyme has been localized by the
" immunochemical method in tﬁe secretory canaliculi of the parietal céli§

(77) . The appearance of ATPase 1Is associlated with the onset of acid

secretion. Several other metabolic pathways including glycolyéis,

glucose oxidation and lipolysis have been proposed as additional sources

of energy for parietal cells (78).

-
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FIGURE 1. Illustratiﬁ>~of:a redox scheme for gastric acid secretion-
. i :

(adapted from Reference 80) . .
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_FIGURE 2. A model of an ion transport in parietal .cell for gastric

acid secretion (adapted from: Reference 79).



u" secretion occurs down an electrical gradient, but against a huge
! .

 éoncentration gradient. Therefore, there must be an active pump
independent of 'the luminal solution localized at the apical memBrane of
parietal cells. wt 1s actively secreted info secretory caﬁaliculi in
'eichahge for Kf} beipg catalyzed by H+-K+ATPase. At'/phe basolateral
membrane, there 1is an'activg Nat-x* exéhange operated by Nat—=xtaTPase
- (Figure B). Na™t recyéles the cell through the NaCi symporter resultiné
in the accumulation- of él_ in the cytoplasm. This c1 effiukes from the
céll by two pathways: either through a uniport pathway present at the
.aéiCal membrane, accompanied by_lNa+ passing ehrough paracellular pathway

or by entering lumen of the secretory canaliculus in .association with

zt,

.

This K" at the luminal sqrfacé is necessary for H™ exchange for HCl
secretion (Figufé‘Z).

The active. transpoft of Cl” into the lumen creates a nega{ive
.potential of -40 to —70. millivolts. ‘Most of the KT that had been
secreted élong with the Cl1~ 1s reabsorbed, and HY take their place in
the canaliculi. COé either from intercellular metabolism or entering
from the blood,» combines with water under the influence of carbonic
anhydrase to form carbonic acid. - chs; pr;ﬁuced frgm further
Vdigsociétion of carbonic acid diffuses out of the cell at ;he
* basolateral membrane. There 1is an electrochemical gradientvfav;ring net
movementdof Na¥ into the lumen. Never;heless, the net output of Nat
into the lumen is very small. The unidirectional flux of Na¥ froﬁ lumen

to blood is about one fifth of the net output. The HY and Cl—:pumps are

closely related. The 'tendency of the C17 pump to make the~gmucosal
. . 1

surface negative is opposed by the tendency of the proton pump to make

'

it positive (28).

!
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2.3 Control of Gastric Acid Secretion
Gaétric acid.secretion is regulated by three endbgenous substances
including acekylcholin¢,~gastrig‘and histamine.” Thes: are delivered to
the parietal cells via neurocrine, endocrine and parscrine pathways.
The role of these end;genous sdbﬁtances in stimulating parietal cells to
secrete acid havé been studied using indirect indices ©of acid
secretion: i.e. oxygen consumption, morphological transformation, and
accumulation of aminopyrine (87). Studies using specific

pharmacological- antagonists confirm the role of these substances in

gastric acid secretion.

Acetylcholine i's released from the post—ganglionic vagal fibers to
the parietal célls via muscarinic receptors. Gastrin is released by the
antral G cell, stimulated by the Airect effect of food nutriént in the
gastric lumen (22). Gastrin 1s. also released in response to vagal
Istimuli (67) and antral distention (82). Histamine 1s released from its
" storage sitgs either 1in the mast cells or in eaterochromaffin cells ing
the gastric mucosa k87). The hista&ine tﬂen diffuses across the

intercellular space to 1ts target, the parietal cells.

Parietal Céil Receptors

With isolated parietal cells, the specificitf of the receptors have
been identified (80). There are two hypotheses that attempt to:explaih
the actions of the stimulants of acid.secretion gy the parietal cells.
The first model suggests that histamine is the finai COmmén nmediator
regulating the parietal cell function (15), with acetylcholine and
gastrin activating the releasé of histamine from 1its store in the

gastric mucosa. This concept would explain the ability of H, receptor



* antagonists to iﬁhibit the action of acetylcholine and gastrin. But
this would not explain the potengiating interactions of thesg
seéretagogues demonstrated in vivo, or the ébility of anticholinergic
~agents to inhibit the action of histamine. ,The.second theory suggests
that the éarietal cell has specific re;ebtors for histamine, gastrin and
acetylcholine (87). Histamine was shown to stimulate parietal cell
function as evidenced by 1increased oxygen consumption, aminopyrine
accumulation and morphoitgical transformation of the cell (12). H2
.receptor antagonists inhibit histamine—stimulate? gastric acid
secrecion3 with a*progressivé parallel shif£ of the dose résponse with
increasing dose of antagonist (88). Cholinergic agents hayevbeea ;hown
to stimuiate parietal cell function as eviderced by increased ox&éen
constption, aminopyrine accumulation and horphologic transformation in
fhe pafié&al cells with vafying potencies depeﬁding on aﬁimalvspecies
»(12). | Gastrin was shown to produce a small but definite increase in
both oxygen consumption ‘and aminopyrine accumulation in thg isolated
parietal cells (88,91).

Potengiating interactions occur Qhen the response to a combination
of agents is greater than the sum of tﬁe indivi&ﬂal responées.
Potentiation between histamine and cholinergic agent, and histaﬁine aéd’
gastrin weré demonstrated (9,92). . Although the®e 1s no direct
potentiation between cholinéréic agenﬁs “and gastriﬂ; poténﬁiatioh

" hetween the two occurs when histamine 1is preﬁeﬁt (91,92). : /(/
Atropine inhibits.not'oniy vagal cholinergié stimulation of acid
secretion, but also secretion stimulated by hiétamine or gasfrin (53).:

Similarly, the histamine Hy, receptor blocker inhibits not only histamine

stimulated secretion but also that elicited by gaqgrin or choldinergic

Y
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stimulation (87). Interdependence of vagal activity and gastrin has

been 'suggested by. Olbe, who found that acid secretion decreased in
response to vagal activation in dogs with antrectomy; the response could
be restored with the administratioﬁ of gastrin (68). In,contrast, this
finding wés not ‘found in man (51), "suggesting that the interdependence
og secretogogues may be species spécific: '

The actibn of histamine on the parietal cell is closely related to
c4AM? production, a; histamine stimulation 'of c—-AMP prqduction seems fo.
correlate with parietal cell function &93,111). Also H,-receptor
antagonists have been shown to inhibit gtimulatiod of c—AMP production
in several animal studies (18,54)\- Further, anal;gs of c-AMP have beeun
shown to stimulate parietal ééli function (93). The inhibition of the
.c—AMP degrading enzyme phosphodiesterase was shown to potentiate the
stimulatory act%gg of histam%ne'on pariétal cells (93).v Prostagl;andinsP
have been shown to inhibit acidf;secretion; and yet stimulate ﬁc—AﬁP
ﬁtoduction in intact mucosa (20). However, prostaglandin stimulation of
c—-AMP production has been found to be inversely correlated with tﬁe
contgpt.of parietal cells in thé cell separation technique (111). This
suggests that cells, other than the parietal cells, are also responsible
.for ﬁhe’ c—AMP produétion. ' Pfostaglandins were shown to ekert. an

inhibitory effect on the histamine action on parietal cells but not on

cholinomimetic, 'gastrin or c—~AMP analog (89). This suggests that

prostaglandins specifically inhibit the actiea of histamine by blocking

'c—AMP production.
Cholinergié stimulation of gastric acid secretien is thought to be
related to the flux of calcium into the parietal cell. The calcium

channel blocker, lanthanum, was shown to impair cholinergic stimulation,

a
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and;this can be restored by réaddition of éxﬁ:acellular calcihm.‘ The
cholinergic- stimulation has been shown to be impaired with decreasing
concentraﬁions of exfracellular calcium (86). Caimodulin; a cglcium
binding protein, 1i:ncre‘ases with Lthe influx of calcium (17).‘ fhis
protein was initially discovered as an activator of phésphodiesterage.
Its calcium loaded forms also regulate the activity of several'én;ymes,

" . ) ‘ .
including adenylate cyclase and phosphodiesterase. Calmodulin may play

a role in the interaction of an intracelluldr messenger, regulating the
* breakdown of c¢-AMP and prostaglandin synthesis. The role of this
s - { : ' . ,
calcium ' binding prot¢fn in the control of acld secretion needs to be
I : ’

further. studied.: The intracellular mechanism involved in gastrin

stimulation of parietal cells 1s not yet known.

L 4

S
2.4 Gastric Secretory Response to ‘a Meal
Constituents of Gastrilic Secretion
The érinciple components of gastric julce are water,‘hydroghlori&

acid, electrolytes, pepsin,~>intrinsic factor and mucus,._-tGast;ic
cont&é&ﬁ? 'also contailn ’swa}lbwed saliva and refluxed duodenal
secreéiéns. Both acid and pepéin increése in résponse to a meal but
mucus secretion‘does not'appear to be- under the.influence of feeding.

-

The gastric secretory response  to a meal 1Is characterized by

acceleration followed - by dgceleratiohu‘. Based on tﬁe>‘assumption ‘that
stimulatory and inhibitory,forces are operatéd during both phases, the
initial acceleratory -phaée ‘would correspond to' a- p:edominéﬁce of

stimulatory over inhibitory forces, whereas the converse would occur in

the decéleration phase. ‘ e b
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After a meal, acie secretion increases and is near the maximum that
can be achieved with exogenous stimulant .by 90 minutes. Inspite of
this, 'the pH within the stomach remeins relaciyely Pigh, particulafly
during the first hour dﬁe to the buffering effect of food: Postprandial
gastric secretory responses can be divided into three phases:

predominantly stimulatory phase, predominantly inhibitory phase and

x
3

intestinal phase. -

ad

Stimulatory mechanisms predominate during the first 30 ‘to 60
minutes after a meal. Cephalic stimulaéion is important during this

initial stimulatory phase. However, it was shown that the cephalic

stimulation by modified sham feeding only provided about one-third of

R . /\/
maximal secretory capacity (75). This cephalic phaﬁi/{; believed to be

<

mediated by vagal stimulation of the parietal cells and partly through‘

vagal stimulation of gastrin release (96). The effect of gastric
distention on gestric acid secretion was shown to amount O one-third of
the maximal secretory responee. \it is believed that fundié distention
stimulates gastric acid secretlon through vagevagal and intramural
cholinergic reflexes (37), whereas antral dlstention decreases gastric
acid secretion (83).' Both stimulatory and inhibitory effects of fundic
and antral distention vprobebly operate simultardeously. Gastrin is

released from the antrum under the. effect of intraluminal nutrients such

as amino acids and calcium. This component may account for the

remalning acid response to a meal. The less well defined intestinal
phase of postprandial gastric secretion may cause net stimulation or net
. \\ ) .

- inhibition of gastric acid secretion.

After the first postprandial hour, the gagtric secretory rate

declines due to weakening stimulatory forces an rising inhibitory

o

D
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forces. The - effects gf cephalic stimulation fadéb away aﬁd gastric
rdistention diminishes as the volume of gaétric contents ' begins to
decline. . The remaining stimulatory forces are the chemical action of
food nutrients and the stimulatory force from the intestinal phase.
Inhibitory forces become prgdominantL in the last postprandial hour.
- Immediately after the‘ingéSCIOn of food, the in%ragastricrpﬁ rises due
to the diluting and bqffering effects of féoa.' Intragaétric - pH
gradually declines duéing the stimulatory bhase_of acid secretion, until
2 pH_of Aboﬁt 2.0, which,isfopFi@;L for. peﬁtic activity, 1s achieved.
Acidification sf'gastric~£ontents exer;s>a negative‘feedback control on
gastric acid secretion. . Howevéf,va decrease;{n secretion was ogserved

even 1f gastric -confénts'-are artificially sustained at pH 5.5 by

.

intragastric titration with ’alkali. (27). This suggests that factors
othe; than gastric acidificégion are -gesponsible for the 1inhibitory
éffects.' Iﬁ‘wasushown that duodenal acidification, by direct infusion
of .acid, could inhibit gastrié acid .secretion stimulated by either
exogenous seécretagogues or by gzastric distengion (50,112). Gastric and
duodenal acidification 'may ’inhibig postprandial gastric secretion
througﬁ neuréhormonal:;mechanisms. Somatosgatin, which inhibits acdid
secretibn, ;may be 'reléased- in respoﬁse to .1ow' aﬁtrgl pH (104).
Glucagon, similar to secretin, inh;bits gastri;_acid secrétion, but its
physiologic role in rggulating acid seéretory response 1is unot preciéely
known (59);: Wheﬁ food enters the small intestine,'bbth stimui%?bry and
inhibitory actions Bcéur duriné the intestinai phase. The net eﬁfecF
dépepds Von the ﬁ&trient composi;ion of chyme, the level of exposed

intestine, and the period after ‘a meal. Luminal protein stimulates

gastric acid secretion when infused intraduodenally, but no effect was

-
7
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shown when this protein was infused intrajejunally .(34). fhiQ\\ii}é

secretion produced by intraluminal proteinm has been postulaped to be

‘mediatéd by‘the release of gastrin and enteroxyntin (36). Both luminal

fat and carbohydrate have been shown tq'inhibit acid secretion at all

levels in the intestine (69). An intestinal stimulatory action may have

° !
a more obvious effect later after meals when the gastric stimulatory

. force 1is declining.

Gastric emptying 1is also important in regulating the time ovef
_which this gastric.stimulation of acid secretion takes place. Nutrients
are emptied from the stomach at different rates depending on chyme

composition, consistency and amount. Each of these factors also affects

gastric secretory responses differently. For example: amino acids
stimulate acid secretion whereas fat and carbohydrate inhibit acid
secretion. The -larger nutrient loads entéring the jejunum have more

pronounced effects on gastric response to the meal than the smaller

.o

nutr}ent loads.

Besides.chemiéél properties, the physical characteristics of meals
/
also influence the magnitude and duration of the gastric secretory

responses. The cephalic phasé would . Be influenced by the erternal
appearance of a meal and by individual ‘preferences. The route of
- , Py

-~
ingestion also Mrfluences the gastric secretory response, as chewing

‘dﬁring oral ingestion contributes to the cephalic phase of acid

secretion (75). Swallowed saliva may affect both intragastric volume and

acidity as 1t neutralizes some of the secreted : acid. It is also
possible that saliva contains substances which influence acid secretion.

A ~

It was "shown that ordinary meals eaten in solid-liquid Fform
AN a
t

resulted in a gfé%ter secretory response than identical meals delivered

> & 7
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intragastrically .after homogenization (61). -

“

2.5 Met%bds of Gastric Acid Measurement

. L
Several methods have been used for measuring gastric acid.

Gastric Aspiration

Gastric content 1is aspirated through a nasogastric tube whicﬁ is
pléced in’ the most dependent part of she stomacﬁ under fluoroscoplec x-
ray Eontrol. The acidity of aspirated gastric julce can be determined
by pH/measurement using a gléss electrode or by sitration with' sodium
hydroxide (NaOH). The number of millimoles of NaOH needed to Fitrate
the gastric juice represents the "titratable” acidity in millimoles per
liter. The pH measured by the glass electrode is converted to hydrogen
ion (H+) using the standard table of Moorejand Scarlata (66). This u
activity <can be <converted to HY  concentration usimg activity
coefficilents previously published by these workers. It was pointed by
?ounder et al that these activity coefficients ds not applyito gastric
juice csntaining food buffer (73).

-

This method cannot accurately measure acid secretion 1in the

presence of food in the stomach. Secreted acid may be emptied from the '

stomach, neutralized by refluxed, duodenal and pancreatic contents,

saliva or non-parietal cell secretion, or may diffuse back across the

-

gastric micosa.

The basal acid output (BAO) .can, be measured by gastric aspiration
[

.in the absence of *intentignal or av01dable stimulation. The gastric

Juice is contind/zsz;“ggbi{SCed and collected at L15-minute intervals

over a one houl period. The volume and pH of the gastric contents are



measured and tHé‘E@tal acid output can be calculated from the products

°

of the acid volume ana concentration.

The acid secreto;y responses to secfetagogues are expressed as
maximal acid4output (MAO) or peak acid:optput (PAO). The acld output is
determined from th- >-minute fractions of gastric aspiration over a one
hour period"éfter the administration of pentagastriq (6.0 mcg/kg,
subcutaﬁeously) or histamine (40mcg/kg). The MAO (mmol/hr) 1is
calculated by multiplying the highest value of acid output by four; ahd
the PAO (mmol/hr) is calculaped by imultiplying the sum of two

)

consecutive highest values of acid output by two.

The rate of BAO. variés- with time, whereas the PAO remains
rel;taively constant over longvperiods of time. There 1s no correlation
between BAO and serum gastrin conééntratioh (32,102). However a
correlation between BAO and sérum pancreatic polypeptide, which 1s
believed to bebunder vagal control; has been previously shown (64). PAO™

i{s a functlon of .the subject's sex, body weight, lean body mass and

weight. The MAO 1is .thought to correlaté with the number of parietal
cells.

“ _\\'

N

In vivo intgxagastric titration

This techn;que was 1intfoduced by Fordtran and Walsh (27). To
measure acid secretion in the presence of food in tﬁe stomach, the
intragastric pH is maintained at the pH of the'homogenized‘mea} CpH 5.5)
be infusing 0.3N sodium bicagbonate( (NaHCO3). The number of milli-
equivalents of bicarbgnate necessary. to maintain gastric pH at 5.5 is
assumed tb be equal to’ the number of milliequivalents _of ‘ac;d

.secretion. The gastric samples are obtained every 2—3 minutes for the
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pH measurement.. A ‘previous. stu@y (25) sﬁggested there were higher
values Eof acid secretion with in vivo intragastrié titration at pl 5
than with gastric aspiration. 'Iq was éostulated that secreted acid way
be 1incompletely reco%éged duriné asgi;étion.  Acid gecr?tion may be
higher at pH 5 than ‘whenv théM‘pH is mdfe gcidic. In spite of the
correction of transpyloric losses, using the nonabsorbable marker
polyetgylene glycol, with ‘gastric aspiration. (62) or changing the pH
endpoint of intragastrié titration to pH 2.5, the difference 'in acid'
secretion persists. Finally, gastric distention may «contributé to

increased acid secretion qebserved with the Intragastric :tiﬁration
teéhnique.

Intragastric pH monitoring has been a useful technique to assess-
the effects of diets and medications'over a relatively prolonged period
and under pﬁysiologic conditioﬁs c;»sest’ to‘ real life. This acild
milieu, deterﬁined by pH measurement, repfesents the actual conditiqn
where medications are to ‘bé used. The concentration or activity of'
éastric acid in thé‘stomach‘may be ﬁore important ;han the -actual amount
of secreted acid iﬁ providing the H" available for damaggﬂat\the mucogal"
membrane. it is presumed that the gastriq content is well*ﬁixed

’conside;ing the peristaltic activity of the sEomgch and correlation’

between Intragastric acidity and intraduodenal acidity was previously

shown (3). It -is not known whether the acid volume, acid concentration .-

or total acid output 1s the major determinant of mucosal injury. - The

gastric volume may be important as it would determine the total acid
/

load into the duodenum or the total amount of acid remaining in the

stomach, which might predispose to ulcer formation or reflux into the

esophagus. On the other hand, the acid concentratfon present  at the
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muéosal membrane, rggardless of the“vélumé, may lncrease propensity to
mucosal damége. Compa%ative effects of different antisecretory regimens
z on gastric pH and gastrin profiles are the main interests 1in
interpreting the results.

The pH profile is influenced by the quantity and nature of food
(5,14). It is therefore necessary to control the diet and the ti&ing of
samples when an effect of antisecreﬁory drué is>tested.

°

_2.6 Gastrin Metabolism

Chemistry

Gastrin is a chain of amino acids with N-terminal on éne end and
carboxy—-terminal on the other ena. There are.multiple molecular forms
of gastrin and they are abbreviated according to the number of amino
acid residues that they conta;n. ' They. occur either in sulfated or
npnsulfated form. The most abundant forms of human gastrin age G~34 and
G-17. A larger molecular form of‘gastrin, G-34, or big gastrin; was
identified in plasma and tissue by Yalow and Berso; (ll4)l Gastrin
heptadecapeptides or G-17, were purified from human antral mucosa by
ﬂBentlef et al (8). |

Most of stored hormone in the G—aell‘ is the G-17 form. It is
believed that conversion of G-34 to G-17 takesfblace in the G;cell. The
other molecular forms identigied are big-big gastrin (115), which has
" not been characterized cheﬁically and biologically, and the sﬁaller form
of G-14. The biological actions of the gasérin molecule are determined

by the carboxy-terminal portion. Molar potency has been shown to

increase with chain length from G-14 to G-34, when eXpressed.as the



exogenoué dose required to achieve maximal respouse (107). When
(considering blood levels needed to achieve maximal responses, G-17 was
,égown to be more potent on a molar basis than G-34 (107). However, the
blood level 1is determiﬁed by -the clearance rate of the hormone.
Recently, 1t was shown ghat synthetic G-34 {is as potent as G-17 on a
molar basis in normal co§crol and duodenal ulcer subjects (23).°
Pentagas;r?n is a gastrin—like péptide, a commerically available
synthetic pentapeptide consisting of the C-~terminal tetrapeptide amide
of gastrin. Its potency 'is comparable to that of the C-terminal
pentapeptide amide of gastrin. The C-terminal pentapeptide amide
sequence of gastrin and cholecystokinin (CCK) lis identical, and this

»

fragment has all the biologic actions of both hormones.

.Distribﬁtion of Gastfin

By ﬁsing immunocytochemical studies, it was shown that gagtrin—
contalning G-cells are located in:the gastric antruﬁvand‘ig the proximal
duodenum (35). G-cells have a flask shapeﬂwith a broad Sase and a
narrow neck that extends to the mucosal surface. Gastrin—conta?ning :
storage granules are at the baée of the cell and microvilli are present
at mucosal . surface-. These microvilli may contain rgceptofs for
. stimulation and inhibition of thé G-cells by intr;gastric contengﬁf

G-17 1is the major gastrin in the extract of antral mucosa. The
highest concentrations of‘intestinal gastri; are found in the proximal
duodenum; with progressively lower concen:rations in the remainder of
the duodenum and jejunumﬂ After anﬁrectomy and gastroduodenosto&y, the

increase in serum gastrin in response to feeding was shown. to be as

great as before antrectomy (97). In the Sasal state, about two—thirds
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of the serum gastrin 1s G-34. G-34 and‘Grl7 increase following food,.
with about half of the serum'gastrin beiné‘G—BA postprandially.
Measurement

Radioimmunoagsays have been developed for the measurement of serum
gastrin with high sensitivity aqd specificity (65;76). The most common
a&d versatile gastrin radiolmmunoassay utilizes antibodies specific for
the biologically active C-terminus of gastrin that re;ct approximately
equally ‘well with G-34, G-17 and G-14, and exhibit minim;l c;oss
reactivity with CCK peptides. G-34 is the predominant circulating form
and G-17 comprises 10-30 percent of tétal immunocreativity. Very small
amounts of ,G-14 may be present 1In the serum. Because of the
heterogeneity of circulating gastrin and Because different molecular
forms vary in bilologic activity, . total gastrin aétivity deterﬁihed by
radioimmunbassay only represents a crude index of ﬁioéctivity.

1
Regﬁlatioﬁ of Gastrin Release -

The_release of gastrig from the G-cells is under the influence of
chemical wmediators. Uhder physiologic conditions, gastrin release is
stimulatéd by 1ntraluminal péptides, amino acids,‘ gastric 'distentién,
and vagal cholinergic activation. The physiologic roles of calcium and
eﬁiﬁephrine on their étimglating effects of gastrinv release are not
known (55,56). -

The role of cholineréic mechanisms for gast' n releasé in man has
Aot been established. Sham feeding causes rettase of gastrin (52), ppti
carbachol - infusion failed to incgease serum gastrin conceﬁtgetion.

‘ N

Atropine enhances rather than inhibits gastrin release in response to

vagal  stimulation (24). This dimplies that cholinergic control of
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gastrin release is both stimulatory and inﬁibitory. The role of gastric
‘distention on gaétrin release in man has not yet been proven, although
gastrin was shown to be released when antral or fundic portion of the

stomach were. distended in the dog. 1

The release of gastrin is under negative feedback confrol, ﬁp 3
which gastric acid secreted inl response to gastrin inhibits nfurtﬁeg
release of gastrin. Gastrin reLease in response to stimulants i? under
the influence of intraluminal pH. However, the ;cid and alkali have
littlé or no effect on unstimulated resting gastrin leyels. Secretin,

glucagon, VIP, and GIP inhibit the release of gastrin from G-cells, and

also inhibit the action of gastrin on parietal cells (106).

Metabolism

In dogs, the half-lives- of G-17, G—34,> and big;big gastrin are

found to be approximately 3, 9 and 90 minutes respecﬁively (98). The

: _ \
half-life of G-14 is about the same as G-17. 'The‘half—lives of natural
human G-17 and G-34 were found to-»bei 5 and 42 minutes respectively
(108).

Gastrin 1is excreted through the kianey and 1is presumably
.metabolized within the kidney, as very 1little -gastrin appears in
urine. An increased serum gastrin conéentration occurs in
mephrectomized patients and patients with severe renal disease (54)“

The small 1intestine also appears to play a fole in gastrin
metaﬁolism. Hypergastrinemic responses to feeding have been shown in
patlents following a massive intestinal resection (99). "It has been
suggested that the liver plays a minor part in thevinéctivition of G-.

17. The liver actively removes shorter, biologically active gastrin
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fragments from the portal circulation, including the tetrapeptide and

LS

pentagastrin.

The basal -gastrin concentration in duodenal patients has been shown
to be similar to the values observed in control subjects (103). It is
not known what proportioﬁ of this basal gastrin 1s composed of
b%ologically active forms of the hormone. However, gheré 1s no
correlation between the basal acid output and the bas;l gastrin
concentration in patien;s with either duodenal ulcer or gastric ulcer
(110). The gastrin cogcentra;ion-in respénse'to feeding has been shown
to be kigher in both duodenal and gastric ulcer patiengs (21,63) than 1in
normal subjects. ALIt was shown that G-34 responées to feeding Qere
‘higher in duodg;;l ulcer and'gastric ulcer subjects than normal, but Gj

17. responses were~similar (100). Further, the G-34 responses to feeding

~
\

were shown to be highE} in gastric ulcer than in duodenal ulcer patients
(16). There is no difference in the proportion of G-34 or G-17 in
antral or duodenal tissue in patients with gastric or duodenal ulcer

(16). Duodenal ulcer patients have Qggn shown to have 1Increased
sensitivity to exogenous pentagastrin’ (44) aﬁd their'feedbaék'mechanism
of gastrin release may'bevdefective (109).
2.7 Peptic Activity

Peptic aggreésion is 2§t§?mined by acid ahd by pepsin. There are

ia Ak

no methods to measure pepsinﬁzdirectly. The relevance of ig vitfo
proteolytle activity of pepsin to peptic aggression i; vivo is
uncertain.

fhe measurement of peptic activity is relatively'diﬁficult, is not

standardized, and is complicated by the fact that the pepsins and their

precursors  are heterogéneous proteins that differ in their
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physicoéhemical, biochemical and immunochemical characteristics, and in
thelr cellular origing. There afe two Immunochemically distinct types
of pepsinogen in man: pepsinogen I, which is derived ;rimarily from the
chief cells 1in fundic mucosa, and, pepsinogen II which;ig produced by
chief ce;is in thé pyloric glands 1in the gastric antr;m (81).
Pepsinogéﬁé are converted to their respective enzymes, pepsin I (pepsin)
cand pepsin II (gantrkcsin).

The = pepsin coancentration 1in gastric juice is conventionally
estimated by determining the vrate at which a sample of this fluid
hydrdlfzes a protein sgbstrate, usually bovine hemoglobin at a-singie
pH.: . The peptic activity of gastfic juice 1is not. necessarily
proportiohate to COQai"peﬁsin concentration, since the pepsins do not
have the same optimal pH and since ‘they differ in their specific
activities. In vitro measuremehts of the level of peptig actiV@ty

produced by different pepsins against substrates.may not indicate the

level of peptic activity that is experienced by the mucosa e

Pépsin—acid Relationship o -

Hydrochloric acid .1s Yfequired for the activation of ‘pepsin.
Pepsinogen secregion from the chief cells in response to stimulation 1is
modulated by gastric acid (49). Th{s effect 1s believed to be'mediated‘
through a local cholinergic reflex. fAcid 1s required for the conversion
of pepsinogen to pepsin. Peptic activity 1s optimal at acidic pH,
‘altﬁough this opﬁimai pl varies for different pepsins in their specific
activities for different proteins, but none of the pepsins exhibits
pfoteolytic acgivity above pH 5.0. | Acid denatures proteins and makes

them more susceptible to peptic digestion. The products of peptic



digestion stimulate gastrin release which 1in turn stimulates further
secretion of>acid and pepsinogen. Pepsinogen 1is stimulated by similar
secretagogues»that stimulate acid output.

ﬁA marked reduction of the peptic activity éf gastric juice ;ouldvbe
obtained by 1nhibiting pepsinogen sécretiop or acid secretion. It was
shown tHat the stimulation of pepsin reléase by food is dependent on
intact vagal innervatipn (38). By using human hemoglobin as substrate,
it has been shown that peptic activity is influenced by pH. The optimal.

pi for peptic activity was shown to be at pH 1-1.6 and at pH 3.6 (13).
S

2.8 Mucosal Defense Mechanism

Mucosal defense mechanism 1is a fﬁnctional desgription of an
interplay betwéen several factors.that may be imporﬁant in protectiné
the gastric mucosa against the poteﬁtially d;maging effects of gastric
contents. The normal gastric mucosa has a great capacity to resist H
back diffusion, inspite of the high councentration gradient between the
lumen and the blood. This .property of the ﬁucdsa which resists acid

o

back diffusion and muéosal injury 1is c;lled thea "gastric mucosal -
barrier”. ° This .barrier may be .conside;ed as a serjes of physico— "
chemical barfiefs dependent on several interacting factors. -The main
components of the gastric mucosal barrier are: the surface epi;helium,
the surface mucus layer, the mucosal Sicarbonate secretion, and the
mucos§l blood flow.

A -two component barrier‘consisting of the mucus layer lining the

gastric mucosa aund the adjacent layer of the surface eplthelium was

proposed by Hollander (43). Subsequently, Davenport suggested that the
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\\Fastric mucosal barrier  is formed by‘ the apical. membrane of the
gkfthelial cell together wi;h the.tight junctions which prévent the ut
{on back diffusiomn (19). The idea of the possible role of mucus in
protecting the gastric mucosal eplithelium was introduced by
Heatlex (40). The unstirred water layer also influences the access of

1

T to’ the membrane and along with the mucus it .may form a mucus-—
7 . . .

+

bicarbqnéte layer through which diffused H is neutralized by

bicarbﬁnatg secreted from the éastric mucosa (101).

he gastric mucbsa 18 a tight gpithelium and is one of the most
impermeable membranes’ 1in _tﬁe_,body. The lipoprotein apical membrane
constitutes a major barrler to potenti;lly _daméging ‘agents. This
barrier -is formed by the apical wmembrane of the surface epithelial
cells, along with the tight junctions which prevent the diffusiﬁn of
ions (19). The "luminal acid diffuses into the mucosa when the barrier
property is broken. Approximately half a millién cells are lost from
the gastric mucosa each minute and the surface epitheli;l cells have a
life span of 2-6 days. A balaﬁce between cell loss and cell replication
i{s essentlal for maintenance of barrier integrity.

The mucug 1s secreted from surface epith;lial cells and mucus neck
cells in the gastric gland. ﬂ fhe ‘ﬁucus forms a gel adheringv to the
surface of the gastric mucdsa. A lubricating action of gastric mucus is
known to protect the mucosa from mechanical abraslon. Mucus also
provides the mixing barrier for the diffused H' and the secrete HCO3f.
The gel formiﬁg and viscous properties of mucus ‘depend on undegraded.
glycoprotein. This undegraded glycoproteln complex is a_polymer of four

glycoprotein subunits which are joined by disulfide bridgeé linking

their protein cores (4). This undegraded glycoprotein 1s susceptible to
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protgolysis.

The functi§n of tﬁea gastric mucus is. determined by 1its
conéentration and structure of glycoprotein. Both the depth” and
structure of the -surface wmucus are important -in protecting gastric
mucosé. ’fhe thickness of the gurface mucas is determined by the dynamic
/fyalance between thé‘ rate of mucﬁé secretion and erosion by peptic
digestion. The production of the wmucus gel dépends on ics rate of
secretion, the 'concentfation of uqdégraded glycoprotein, and g}’ the
raéio of undegfaded and .degraded glycoprotein’ subﬁnigsf ;ucus gel
erosion depends on the - ratev of proteolysis by pepsin and by the
mechanical remov;l of mucus. “

Previous studies suggested the active bicarbonaCe:(HC03—) transport

from the gastric mucosa (26,74). HCO3— secretion can ‘be demonstrated
‘ -~ ,

>

when agiquecretion 1s blocked by an Hy, receptor aﬁtagonist; The HCO3_'

$¢6 }
¥ .
mucus barrier implies that the luminal at is separated from epithelial

HCO3— by an unstirred wmucus layer through which ut diffuses slowly and

is neutralized By HCO, . The pH gradient across the mucus layer from
: 3

" acidic pH on the luminal side ﬁo neutrality on the epithelial side was

demonstrated by usingQa pH microelgctrodea(6).

Thé mucosal biood flow may also play Va role in the mucosal
defense. it may maintaiﬁ intramural pH By removing, diiutihg' or
buffering the acid load from back diffgsion. Thé mucosal metabolié and

secretory states are also malntained by the gastric microcirculation.
. . >

The pfotecting role of these gastric mucosal defense factors has

been proposed based on evidence that agénts which alter the mucosal

defense mechanism “are injurious to ‘the gastric mucosa. The iﬁjuribus

effect of aspirin and ethanol on the gastric mucosa may be related to

Va’
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their action on mucué dépletion. THe role $f~mucosaL defense 1is also
supported ~by the :protectiqg Vaction‘ of agents that improve- mucosal
resistance,vsuch\aé prostaglaﬁdins.h.Inspite\of,the accepted role of
this mucosal defense, its pathophystologic role in peptic ulger diéeage.
is‘ngt known.

Only recently has there been increasing i&terest in the role of
mucosal defense in.peptic.ulcér diséasé. ’Several agents that improve
'mﬁcosal defense have been shown to beﬂeffective‘in’thg Healing of peptic
ulceration.: Hitherto, the ;pproach'to therapy of ;éftic ulcer disease
h;s.been aimed mainly at gastric acld reduction. A section'én medical

management of uncomﬁlicéted beptic'ulcer disease in adults is given in

the appendix.



3. COMPARATIVE EFFECTS OF TWO CIMETIDINE REGIMENS
ON 24-HOUR INTRAGASTRIC ACIDITY

IN PATIENTS WITH ASYMPTOMATIC DUODENAL.ULCER

3

(A .modified version of this cﬁapter-hés"been published. V. Mahachai, K.
Walker, F. Jamali, H. Navert, D. Cook, A. Symes, and A.B.R. Thomson.
Clinical Therapeutics 1984; 3:259-281.)

.
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SUMMARY

The effect of 600 mg of cimetidine given twice daily on 24-hour
intr;gastric hydrogen ion (H+) coﬁcentrétion waS'chpafed with that of
the standard regimen of 300 mg of cimetidine given:four times daily in
six patients witﬁwasymptomacic duodenal ulcer. According to the double-
blind, Létin—squa e, rePQ§ted—measures design, all subjects followed
each cimetidine regimen'aﬁd‘a placebo regihen for one week. Acid
secretion stud%Fs-aﬁd determinations of drug and gastrin levels in the

blood were carried out on the last day of each treatment week.

Although 600 mg of cimetidine BID suppréssed H' after breakfast and

" during the night, compared with placebo treatment (P < 0.01), the 3QO—mg

QID regimen suppressed H+ only after breakfast and supper (P < 0.05). A

o

higher percentage of pH readings > 3.0 were obtained with 600 mg of
cimetidine BID than with 300 mg of cimetidine QID during the night (P <

0.05); compared with percentages when placehbo was taken, the percentages

"
15

of pH readings > 3:0 were greater both overnight and during a 24-hour

.

_period only when 600 mg of cimetidine was given BID (P < 0.01).

The ob§er§ed difference in intragastric ﬁ+.suppression after ea;h
regimen could not be explained by variations in serum concentrations of
cimetidine or serum‘concentrétiqqs of gastrin. Despite similar peaks of
serum cimetidine after evening doses of 300 or 600 mg of cimetidine,
nocturnal intragastric acidity was lower 1in subjects given 600 mg BID.
Further, H+ levels after lunch were similar in both‘cimetidine—treated
groups, de;pite markedly higher serum cimetidine concentrations in

patients receiving 600 mg BID. Pharmacokinetic studies showed

equivalent elimination half-timés and 24-hour areas under the curve of



e

serum cimetidine concentration in patients on the two cimetidine
regimens. Postprandial 1integrated gastrin responses were of similar
magnitude in patients on either cimetidine regimen.’ There was no
7significént difference in mean serum gastfin concentrations during the
night>in placebOftreated‘ana cimétidine—treated patients. Only a weak
correlation was observed between gt and bserum gastrin concentration.
iAlthough a fluctuation of the H+:gastrin ratio occurred after each meal
in all groups, the ratio was suppressed by both dosages of cimetidine.

, The findings suggest that a regimen of 600 mg of cimetidine BID is

superior to the standard regimen of 300 mg QID in suppressing

intragastric acidity in patients with asymptomatic duodenal ulcer. k‘
|

ot
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INTRODUCTION

Cimetidine administered dailf ighfour equal doses produces a
striking and consistent decrease in 1ntragastric acidity in normal
subjectsl and is éffective in the @anagement of patients Qith duodenal
ulcer.z'3 In North America the standard dosage of cimetidine is 300 mg
QID. Because patient compliance,might be encouraged by a simplified
dosage regimen, we investigate5,~ the antisecretory effects and
pharmacokinetic properties of cimetidine in dosages‘of 600 mg BID and

300 mg QID in patients with asymptomatic duodenal ulcer disease.

MATERIALS AND METHODS

~

. Study Design

In the doublé—blind, repeatéd—measures, unbalanced Latin-square
sfudy design, six patients recei&ed each of the fallowing freatments (in®
random orde;) for one week: 300 mg of cimetidine QID, 600 mg of
cimetidine BID, and plécebo. All medications were taken orally. Acid
secretion studies and determiﬁations of blood levels ofrdrug and‘gastfih
were carried out on the last day of eath treatment week.- R

The study was approved by fherEtHics Committee of the Department of

Medicine, University of Alberta, and informed consent was obtained from

each patient.
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Patients v

Each of the six. patients had a duodenal ulcer confirméd by
endoscopy but was asymptomatic and was not receiving treatment for the
ulcer at the time of the study (Table 1). The mean age of the patients
was 39 years; the mean duration of duodenal ulcef disease was 9.6 years.
Two patients had previously experienced upper gastrointescinal
hem%frhage, and one patient had had a perforation treated by a patching
procedure six years prior to the study. All patients. were free of

endocrine, respiratory, hepatic, neurologfé, renal, cardiovascular,

‘hematologic, and allergic diseases, and none had a history of gastric

- resection or ‘vagotomy. None drank excessive amounts of alcohol, but

2N

five patients were smokers who continued to smoke during the study.

\\

Results of a physical examination, routine laboratory screen (complete
blood count, SMA-6, SMA—TZ, and uriﬁarysis\, chést roentgénogram, and
electrocardiogram of each patient were normal.

Before ent?y into the study, each p;tiénL was given a pentégastrin
test (6 ug/kg subcutanedusly). The mean (+ SE) basal acid output (BAO)
was 4.1 + 1.5 mEq/hr, but ‘the BAO exceeded 5 mEq/hr in two subjects.
The mean maximai acid output (MAO) in response to pentégastrin was 41.5
+ 5.9 mEq/hr, the MAO values in four subjectsu;xceeding 35 mEq/hr. The
mean peak.acid output was 39.1 + 5.7 mEq/hr.

'

Trial Procedure

Patients were randomly assigned to a specific treatment schedule on

day 1 and receivgd 300 mg of cimetidine QID, 600 mg of cimetidine BID,
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or placebo QID (fable 2). Toey returned on day 7 for gastric acid
secrétion studies, began the next treatment in their sequence on day 8,
and returned on dax 14 for gostrio acid %ecretion studies. The last
regimen in the sequence began on,day 15, and final gastric acid aﬁalyses
Qere conducted on day 31. *

Subjects were hospitalized, in a special ward that was set aside
for their use, at 7:00 (on the 24-hour' clock) on days 7, l4, and 21.
All subjects fasted for 12 hours before the gastric acid secretion
studes; water ad libitum was permitted during the fast. When the
gastric‘acid secretion studies began, a strict protocol was * followed
(Table 3). A nasogastric tube was positioned under fluoroscopic control
so that the tip was in.the most dependent partvof the stomoch. Intra—-
venous infusion of a 0.9% saline solution was then initiated at a rate
sufficient to keep the vein open and to allow free access for sampling
of venouo blood fof determinapioh of serum cimetidihe and serum gastrin

concentrations. (Approximately 750 ml- of saline was infused, and less

than 250 ml of blood was-dra&n, during each 24-hour-period). Residual

‘stomach contents were aspirated, and a control sample of 5 ml of blood

was taken. - At 8:30, patients received a standard meal and their first
}

dose of drug or the placebo. The placebo or subsequont doses of tﬁe
t
Qrug were given with meals at ppedetérmiﬁed times (Tabgé 2). . '\
Gastric acidityAwas mooitored by a‘method similar to that descffbed\
by Pounder et all: -5-ml samples of gastfic juice were aspirated ét 30-
minute intervals while the patient was awake and at 60-minute intervals
while the patieot was asleep. A .5-ml flush of the 0792 saline solution

was used, ‘when necessary, to obtain sufficient fluid for pH assessment

and to wash the syringe used to aspirate gastric juice. With a combined

\
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glass and reference electrode and pH meter, the pH of the saﬁple was
" measured to the nearest 0.10 unit, after which the ;ample was returned
to the stomach. At the time of gastric pH analysis, a 5-ml sample of
venous blood was drawn through the IV line for serum separation and
storage at -37 °c,

All vital signs énd gﬁbjective symptoms were monitéred and recorded
every eight hours during the study. The subjects were émbulatory, ate
their meals at‘a table, and entertained themselves b& talking, reading,
watching television, knitting, 'pléying games, aﬁd waiking abOu; the
ward. At the’end of the 24-hour study period, the IV line and
nasogastric tube were removed. The patients were instructed about the
medications to be Eaken during the next week and were told to return any-

unused medication on the next study day..

Food Intake

The subjects could select foods from two menus (Table 4) thaﬁ
proVidq& identical Qolume and identical amounts of carbohydfate; fat,
and protein., The nuhber of calories and the‘relative proportions of
macronutrients varied from meal to meal, but this meal pattern was
chosen to reflect usual eating habits. Each meal was consumed in 15
‘minutes. Only snacks of known composition were allowed between meals.
Tbe volume of liquid consumed was recoraed, and detailed\individual logs
‘of-ciga;ette cdnsumption (permitted ad libitum) were kept.

The patients consumed an average of 1.659 kcal/déy,vcomprising an
average of 183 gm‘of carbohydrate, 85 gm of protein, and 65 gm of fat.

Approximate proportions of all calories provided by carbohydrate,
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protein, and fat, respectively, were 44%, 21%, and 35%.  There was no
difference in food intake during each of the three periods. The average
daily intake- of fluids was 1.9 L. The five subjects who smoked had an

average of ll1.4 cigarettes per day.

Hydrogen Ion (H+) Activities and pH Profiles

Standard tables were used to convert tﬁe results of each pH
measuremént to H+ activity. Mean H+ concentrations (derived from ﬁhe
same.tables) for each treatment group after breakfast, lunch, and
supper, as well as overnight (22:30-8:30) and for the 24-hour period,
were compared. The‘pH profile of each‘treatment group was compared by
using the cumulative percentage of bH readings at or above values

ranging from 1.0 to 7.0.

Serum Cimetidine Concentration’

4
/

/
- -~

The serum cimetidine concentration was measured By the high-
pressure liquid chromatographic method of Soldin et ai.s Mean serum

cimeﬁidine levels were 'plotted against the time period for the two

—

cimetidine-treated groups. The area under the curve'(AUC) after each
dose was determined by the trapezoidal rule from time. O (dose
‘administration) to infiﬁity. The concentration from the previous dose
thaﬁ was present at time 0 was accbunted for by calculatiné the area
from this cohcentrétion—time pdint to infinityhand'subtracting it from
the overall AUC after the dose. The ovérall elimination rate constant

(KE) and elimination half-life of each subject were determined by means
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of linear regression analysis from ‘the terminal portion of the
concentration—-time curve.
+ , . +
The ratio of H' activity to serum cimetidine concentration (H :0)
during the 24-hour study period was compared in the two cimetidine-~
' ' : +
treated groups. Each mean H wsa plotted agalast the mean serum
cimetidine concentration to determine the relationship between the serum

drug level and gastric acid suppression.

Gastrin Measurements

The Schwarz-Mann commercial radioimmunoassay kit was wused to’
determine serum éastrin concentrations (ng/L). Tﬁe iﬁtegrated gastric
response (IGR) after each‘meal was calculated by obtaining the AUC using
th; trapezbidal rule from time O (time of meal) to }20 minutes. The
basal concéntration, present at time O, was accounted for by calculating
thelarea from ;his concentration to 120 minutes and subtracting it from
the o;erall AUC after each meal,‘ The follngng equat?on was used to

~

calculate postprandial IGR:

_ . &b btc dte _
IR = t =5 + 5 + «.on75 aT

The a, bt ‘e e'repfesent se. .n gastrin concentrations in sequential
order,_é'being the concentration when the meal was giveﬁ; The t is the
interval of tiﬁe between each determination of serum gastrin lé?el; T is
the total time period for the calculated postpréndial IGR. The ratio of
N .

H to serum gasErin concentration during the 24-hour study period was

compared in the three groups. The relatiocaship between serum gastrin



" concentration and H+ was studied to determine whether cimetidine would

alter it.

Statistical Analysis

Descriptive statistics concerning each variable were calculated for
each of the three treatment groups. For these analyses, intragastric pH’
, + . v
measurements were converted to H concentration, using the tables of
) 4 , + e , ‘
Moore and Scarlata, assuming the (Na + K ) concentration to be 50
' + Lo .
mEq/L. As Moore and Scarlata have pointed out, H activity {is
. : . " + .
significantly different fromm H concentration at pH levels usually
L. + ) : A
found in gastric juice, but H concentration 1s commonly accepted as an
index of gastric secretion.
The data examined were the mean pH at each observation point, the

mean H+ concentration after each meal and dose up to the next meal or

snaék,‘and the frequency of occurrence of pH levels > 3.0 during the
. night and during the total- 24-hour observation period. At pH > 3.0,
peptic activity 1s reduced to about 70% of-maximum,6 consequently
improving the-milieu for ulcer healing. | L

Mean intragaSCric mt coﬁcengrations at sampling times in patients
on each regimen were gompared by an analysis of wvariance, which took
into ;cc0unt variations in subjects, pefiods, and regimens} The
occurrence of résidualieffects from‘doses taken, earlier Qas examined,
but no evidence of such effects was found.

-Data on the frequency of occurrence of pH > 3.0 during the night

and during the 24-hour study period were analyzed by an Arcsin
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transformation; trdatment regimens were compared using an analysis of
L
. 7

variance.

—

+ . :
Graphs showing pH, H , serum cimetidine concentrations, serum

gastrin concentrations, and different ratios of these variables were

plotted for each treatment group for the 24-hour study period.
RESULTS -

. +
Intragastric H Concentratiouns

-~

. Gfaphic peprésehtation of the -mean pH at,éach observation point
over the 24-hour peigod (Figure 1) shows postprandial elevation of pH
regardless of treatment. Postprandial 1ncreases in pH were higher
duriqg cimetidine administr;tion than duriﬂg placebo dosing. Mean H+
concentrations eqﬁivalent'to the pH measureéments during periods after
meals and after the bedtime dose are shown in Téble’S-and in Figuré 2.
At each period the meén H+ concentration is highest Eor the placebo

regimen, and there 1s an obvious decrease following each dose of

cimetidine. The effect of the QID regimen was .significantly different-

from that of placebo only after breakfast and supper (P < 0.05). .A
significant reduction (P % 0.01) in gt concentration followed the
.breakfast dose and Ehe bedtime doge of 600 mg of cimetidine. 1In terms
of intfagastric ut contentrations, there was 1o ‘ statisticéily
significant difference between the two cimetidine regimens at any
observation‘period.‘

When the frequency of pH measurements;z_3.0 during the night was

examined (Table 6 and Figure 3), the response of patient 3 was

/‘\

WY
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se the intragastric pH was > 3.0 only once during the

noteworthy becau
B n

night after any of the treatments. When the frequency of elevated pH
N ,

during'the 24~hour period was examined (Table 7), three patients (l: 2,

and 6) had a ‘greater frequenc; of pH > 3.0 durng the 600-mg BID regimen

than duriné the 300-mg QID 'regimen. In each of these patiénts, the

frequency of pH elevation during the night was considerably greater

after 600 mg thaq after 300 mg of cimetidine (Table 6), accounting for

this difference between the two regimens. This effect of the 600-mg BID

was significantly different from that dé either

4

T s -
during the 24=ﬁbgggperiod (Table 7).

~
«

Pharmacokinetics of Cimetidine

N

. 13 h
Results of the pharmacokinetic measurements made after each dose of
cilmetidine are given in Tables 8 and 9. Figure 4 shows serum cimetidine

concentration curves for each patient. Although certain intersubject

and intrasubject variations are evident, the overall pattern is

8

L3

consistent in all patients and agrees with the findings of others.

Peak serum cimetidine concentfationsu(cmax) were attained within
0.5 to 3.0 hours (Tmax) of administration, indicating a rapid absorptioﬁ
rate regardless of dosage. Although Caax.values were‘fairly consistent
aftef each 300-mg dose, this v:lue was gepérally higher after morni g
600-mg doses than aft;r eveniqg 600-mg doses —— evident in patients .

and 6, especially. The mean Cmax of the morning 600-mg doses was

significantly higher than that of the evening 600-mg doses (4.63°vs 3.08



pg/ml), but this differencs did not result in a significant difference
in AUC value§. Pétients 5 and 6, however, had substantially higher AUCs
after the morning doses than after the afternoon doses. Although the
mean Cmax’afterAthe evening cimetiding dose was greater with 600 mg than
with 300 mg (3.08 vs 2.25:pg/ml); this difference was not significant.
There was no significant difference between patieﬁts_receiving the'
300;mg and 600-mg doses 1in the time to peak cimetidine concentration

(T .x)+ After the morning dose of 300 mg of _cimetidine, lthe serum
cimetidine concentration remained above 0.5 pg/ml for 11.1 hours and
abéve'l.O pg/ml for>7;0 hours (Table 8). The serUm cimetidine
:anentragion was 'greater ghan 0.5 and 1.0 pg/ml for lqngef periods
after the morning than after the evening 300-mg dose (P < 0;605). In
contrast, the serum cimetidine éoncentratioﬁ after the evening dose of
600 mg réﬁained above 0.5 and 1.0 ug/ml for 7.2 and 4.5 houré,
respectively, but shorter intervals were obsefved after the morning dose
of 600 mg (Table 9). *The 24—hour AUC and the apparent steady~staté
concentration of cimetidine were similar in patients receiving 300 mg
QID and those receiving 600 mg ﬁID.' Thé half—life of cimetidine ranged

from 1.78 to 3.91 hours, with no significant difference between the two

regimens.

Serum Gastrin Concentration

A

The mean fasting sérum concentration of gastrin was similar in
patients receiving placebo, 300 mg of cimetidine QID, and 600 mg of

cimetidine BID (Figure 5). 1In patients receiving placebo, serum gastrin
) . , st F\/

concentrations increased consistently after each meal, the average

-
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‘postprandial rise beiﬁg approximately 957%. Postprandial increases of
serum gastrin were higher 1in both cimetidinme-treated groups, with
average increases of 1697 and 135%, respectively, in subjects receiving
300 mg QID and 600 mg BID. The peak serum gaétrin concentrgpion

occurred within 60 mfnutes -of each meal in ﬁhe three gfoups. There was

no signific?nt intergroup difference in mean serum gastrin concentration

during‘the night (Figure 5). - . .

‘The IGRs over 120 min were significan;ly higher (" < 0.05) in both
cimetidine—trea%ed groups than in the placebo group only after the '8:30
dose (Table 10). AlthOugh there was a tendency toward higher IGRs in
cimetidine groups than in the piacebo grodp after lunch and sﬁpper, tﬁe
differences were not statistically significant. When the two cimetidine

groups were compared, the IGRs after eacH meal wsre not siénificantly

different.

Rélacionships Between Intragastric) H+,- Serum Cimetidine, and Serum

Gastrin Concentrations

L
i

With the regimen of 300 mg of cimetidine QID, the ratio of H' to

. serum cimetidine‘cdncentration (H+:C) increased slightly after each meal

(Figure 6).  The average H+:C ratio was higher during the 12-hour period
after the 20:30 dose than after the three méals, buf thi; difference was
not'statigtically significant.‘AWith the regimen of 600 mg of cimetidiné
BID, thé H+:C'ratio increased progressively after each meal: The
folloying differences in patiénts receiving 660 mg BID wereusignific;nt

(P < 0.05): breakfast vs lunch, lunch vs supper, breakfast vs supper.

The mea&ﬁ@“%C ratio with 600 mg of cimetidine BID was significantly

\
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higher than with 300 mg QID only after lunch and supper (P < 0.05).
In subjects rpceiving placebo, the mean ratio of intragastric at to
N

. ! +'
serum gastrin concentration (H :G) showed a biphasic response after each

meal, with a decline, a rise, : and a Later decline occurring over a

2.5-hour period (Figure 7). Wﬂeff300 mg of cimetidine was given QID,

there was a similar pattern of ﬁ#:G ratios'after each meal, except that
the postprandial increases were iower:than those ih subjects receiving
placebo. With 600 mg of cimetidine BID there was'a»marked suppression
of the H+:G.ratio after breakfast~(P < 0.05). The H+:G ratio was
similar in subjects receiving 600 mg- of cimetidine BID and those
receiving 300 mg QID, and the H+:G ratios after each meai were lower in

the two cimetidine groups than in the placebo group. The mean overnight,

B 'G ratiO'was significantly higher (p < 0.05) in subjects receiving

'placebq.than in those receiving either dosage of cimetidlne.

,1;xkere was a weak but significant negative correlation between
R | x . | .
intragastric H and serum cimetidine concentration in patients‘receiving)

[

either dosage of cimetidine (r = -0.48, P < 0,01 with 300 mg QID and r =

0.48, P < O 0l 'with 600 mg BID)%{ A weak negative correlarionrwas also

'fnoted between intragastric H and serum gastrln concentratlon in the

v"{

;cimeéidine groups (r = -0. 45 P = 0:049 with 300 mg QID and r = :9.44, P

. ey . _
= 0.055 with 600 mg BID). There~was a weak but significant negative
relationship between H and, serum gastrin‘concentration in the placebo

groub (r ='—Oi65; P < 0.01).° "
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DISCUSSION R L

Serial measurements of intragastric pH during a 24-hour period are
useful for studies of the ##fects of drugs or diet on gastric acidity

because such measureménts are likely to reflect H+ activity' in the

stomach as affected by factors of daily living.l’g—ll Studies using the

o

Latin-square design —— each subject serving as his or her own contzol —
{

reduce intersubject variabfiity and allow for more sensitive assessment

. %,

of an antisecretory regimen.’
Peterson andt‘-’coworl‘cersll used a sirilar technique to test the
effects of "extra effort"'drug regimens ou 24-hour intragastric acidity

in patients wlth inactive duodenal ulcer. In their study as el s
, \‘ B ’ <5 »
ours, fewer than; 107 of the pH readings in the placebovgroup were > 3.0 "

during. the day, overnight, or thrc.ghout the 24-hour study perlod In

,

both studies, about 30% of daytic: pH rida dlngs were > 3.0 in patlents

treated with 300_9g of cimetidine G°. In contrist toi%he findings of.ﬁv

Peterson et al, 11 the present study found a lower percentage of pH

Leadlngs > 3. O during sleep and throughout the 24-hour per:oé &h
patients rece1v1ng GOO mg of cimetidrne QID. Although the explanatlonﬂ
for differences is not clear, ‘the mean peah ac1d output 1n response “to

pentagastrln (6 ug/kg) was‘greater in the patlents studled by Peterson
et al chan in ours: 46.8 vs 39.1 mEq/hr. In the study by Peterson et

al double—dose cimetldine (600 ng QID with meals'and at bedtlme) was

.,/

compared with standard cimetidine therapy (300 mg QID with meals and at

(fgbedtime); ~ This "extra effort” (double—dose?ﬁxegimen was significantly

:@"befter; Enan the standard ‘ciﬁetidine regi#men in reducing intragastric

..

L



daily dose; L ,"<ﬂ- . ‘ S

“acidity during the daytime, but it did not have the same efti. during

the hours of sleep. ) .

In the present study, both cimetidine rcgimens provided 1,200
mg/day, or only half as much cimetidine as the double dose provided by

Peterson et al. In qur study, gastric acidity during the hours of sleep

and after breakfast was significantly less with 600 mg of cimetidine BID

than with 300 mg of cimetidine QID. This 1improvercnt was effectid

\

-simply by chanﬁing tﬁe.schedule of dosing without altering the total

4 ' TN BRI SRy
y

4”The pgﬁsent study found that, compared with placebo, the cimetidine
“Q

. “ +
‘regimen ’dfing 600 -mg doses, signiflcantly reduced the mean H

oo m

concentration after ‘the bedtime dose and after the breakfast dose, the
. Jtl" "‘} Lo .

reglmen using 300~mg doses resulted in significant reductions in

acidity, compared with the effects of placebo after the oreakfast and

supper doses. Intragastric pH‘Z 3.0 occurred.more frejuently during the

24-hour period with the cimetidine regimen of 600 my BID thanlg%}h the

usual regimen of 300 mgiQID.“ The 24-hour effeect of the 600-ng BgD

regimen on pH- levels was‘significantly different from that of placebo,

" the differences being attributable to the marked effect of the 600-mg

dose during the night, when pH values > 3.0 occurred significantly more

£

-often than after placebo of'a dose of 300 mg“ofvcimetidine. The marked

‘Feffect of the 600-mg BID: regimen. .on intragasr'ic ac1d1ty during the

night has clinical signiflcance because it provides a milieu conducive

to healiﬁg of duodenal ulcers. .

~ The results“guggest that consumption of three moderate-sized meals

3

and three snacks daily was sufficient to stimulate gastric acid secre-

"~

tion “during the waking hours, with little advantage gained from the’

e
-



. buffering effects of the. food: Interestingly, all six subjects
éommented that they received more food during the trial than they would
normally have eaten at home. It is poésible that the normal daily food

intake of the subjects, all of whom were asymptomatic at the time of the

study, was less indeed than t! 1t provided in the present experiment.

2

However, the mean caloric i take during the study was about Ewd&thrds

N %)‘\‘i{
.0f that provided for u subjects or duodenal ulcer patiéan i other
1,9,10 : Nl “$¥
studies.” "> Furthermore, the .menus provided only decaffelnated

A S

coffee and no alcohol; cigarettes ad libitum were permitted.

The variation in the”pattern of inhibition of H' concentration was

not related to differences in serum cimetidine conce?trations: H+.after
lunch and supper was similar in both cimetidine groups, despite marked
differences in sefum cimetidine concentrations (Figure 4). With either

& . - :
regimen, there was only a weak correlation between serumvbimetld}ne
%a + .
concentrations and H The H :C ratios after meals varied widgely

P~.'

between patients receiving 300 mg QIDM and those receiv1ng 600 mg BID
(Figure 6), desplte similar_H+ values. After the evening dose of

cimetidine, the pharmacokinetic parameters were similar in subjects

*ecemilng\300 mg QID and those given~ BOD mg BID (Tables 8 and 9), but
Ny \ . -

v,correl ‘tion between serum cimetidine level and the outcome of treatment
with this Hz—receptor blocker in patients with peptlc ulcer
~The different patterns of H activity after the 300-mg and 600-mg

doses were not explained by variations in serum gastrln concentrations,

because the postprandial rise in serum gastrin was similar 1in both

e
/
o

9

groups (Figure 5), However, the relationship between changes in serum

PR

A

¥

O

o, J



+ . .
gastrin concentration and intragastric H must be reexamined: in the.

placebo group there was only a weak negative correlation between these
" +
variables, and there was an unexpected fall in the H :G ratio two hours
after meals. Furthermore, 1in subjects on either of the cimetidine
Rl . .

regimens there was only a weak relationshib between serum gastrin

. ) N
concentrations and H+, the late postprandial fall inm H :G ratio .

persisted (Figure 7), and, despite lower gt activity 1in patients

receiving 600 mg BID than in patients receiving 300 mg QID (Figure 2),

overnight serum gastrin concentrationsowere similar in the two groups f
’

L
T

(Figure 5).

Just as'diurnak variations in the pharmacokinetics’ of other .drugs

have been described,13 differences between patterns affer:;ﬁighttimc

~versus daytime doses were observed in this study: thefgkwas.np

‘significant reduction of ‘H after 300 mg of cimetidine takgn attﬁighﬁ'_

¢

(Figure 2), and the mean peak serum cimetidine councentration after the
nighttime 600-mg dose was only 67% as high as the mean peak serum
cimetidine level. after the morning dose (Table Qﬂﬁ‘ The peak serum

cimetidine concentration'after 600 mg of cimecidineﬁ%ﬁ&ded to be lower

in the evening than in the morning (Figure 4). It is not likely that

this difference was related to food intake that accompanied the morning
o o
dose because peak serum cimetidine concentrations were similar after

each 300-mg dose of cimetidine. o .  .

4

Bodemar et all have failed to show a différence in the AUC after a

single dose of 200 mg of cimetidine taken with food and a comparable
‘dose taken after fasting, but they did not make‘comparisons at different

times of the'day; Since mno significgnt differences were noted in the

Tmax or the half-life of cimetidine after morning and_evening doses of

S
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600 mg, the observed reductien in C_ . values during the evening may be
attributed to diminished absorption. Patients 5 and 6, who showed the
greatest differgnges in their/yérning and afternoon Cmax values wi;h 600
mg of cimetidinee also had substantially smaller AUCs after the evening
dose than after the morning dose (Table 9).

Lower‘overnight levels of gt aftef a 600-mg Qosé than after a

300~-mg ' dose (Figure 2), despite similar serum cimetidine.concentratioﬁs
« : E

(Figure 4), suggest that the sensitivity of the parietal cell to an HZ—

receptor antagonist may vary between morning and night. Although the

f ‘J
'W R
explanation for the lack of ¥dorrelation between H activity and serum

cimetidine concentrations has not been determined in this study, the

. -

prolonggd inhibitory effect of 600 mg of cimetidine taken in the
morning, despite low serum concentrations of the drug, suggests thaf theb

- serum concentratioa does not necessarily reflect the councentration of
drugs at the H, receptor on the parietal cell. . ]

" Normal release of gastrin after theﬁingestion of food is modulated

.,J‘

by acid inhibition of further gastrin release. In the patients given
pl;cebo, the gastrin concentration rose an éverage of 9SZ.an§g gaéh of
the three meals. Postprandial gastrin release was much' greater in
imefidine—treated subjebts (Figure 5}, presumably reflecting drug-
induced inhibition of agid secretion — thus permittlng a greater
releaée of gastrin. Overnight basal secretion of acid probably is not

“ . under close control by'gastrin, because -serum gastrin concgn;ﬁagpons

e -
*

~A - were similar¢with placebo and the 300-mg and 600-mg doses of cimetidine.

&
~ a ~

? The‘gréatéﬁ”ﬁﬁﬁibttion of overnight g %effected by 600 mg of cimetidine,
7

;?.compﬁred with 300 mg (Figure 2), is not related to serum gastrin or

serun cimet1dine concentrﬁcions (Flgure 4). However, the overnight H:G

G A

LI

o~
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ratio with 600 mg of cimetidine BID (Figure 7) suggests that sensitivity
of the parietal cell to gastrin is influcnced by 600 mg of cimetidine,

~or that some other factor influenced by cimetidine also influences

overnight ut activity. . ‘ : ' "

In patients feceiving placebo, the H+:G ratio fell from a‘higﬁ in
the basal state -to a low after dinner (Figure 7), suggesting that
sengitivity of the éarietal cell to gastrin varies during the day or
that the roles of factors other than gastfin vary in a diurmnal fashioﬁy
Thg H+:G ratio 1s greatly influenced by cimetidine, but the diurnal
variation persists: in patients given 300 mg of .cimetidine QID, the
ra;io is highest overnight, léwest after lunch and supper, and of
intermediate value after breakfast..” The low values after lunch and
supper correspond with the lowest values of‘H+ in pa;ients receiving 300
g of cimetidiﬁe QID (Table 5). 1In contrast, in patients receiQing 600

mg of cimetidine BID, the H+:G ratio was lowest after breakfast and

highest after supper (Figure 7), corresponding to the lowest and the

% 5). Thus the dosage schedule
. iy o :
influenced the height of the serum cimetidine peak (Figure 4), ghe'serum

highest values of gt activity (Ta

géstrin péak (Figure 5), the inhibition of acid congentrgtion (Table 5),

the poétprandial ggstrin concentration (Table 10), and the gt:G. ratio

S

(Figure 7?, W%
Cimetidine.has been proven to be safe and efficacious in the
~treatment of duodenal ulci_ers.z’3 The standard regimen in North America
- is 300 mg QID. The greater inhiﬁitory effecﬁ of tﬁice—daily cimetidine
on gastric acid secretion, shown in the present study, provides a
rational bagis for the use of 600 mg of cimetidine BID in the treatment

of symptomatic patients with. endoscopically ‘demonspfated duodenal

Foe -
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“ulcers. A similar trial comparing the efficacy of 300 mg of “cimetidine

QID and 600 mg of cimetidine BID has just been completed in Canada, and .

the results suggest that the two regimens are equivalent in the healing
) .

of symptomatic duodenal ulcers.l?
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Table 2. .Regimens.

Cimetidine (C) and Placebo (P

B

300 mg C, QID

Time 606'mg C, BID Placebo
8:30 €300 €300 P
€300 P P
12:30 P’ €300 P
P P ‘_P
17:30 P €300 Pl
P P. lP
20:30 @ €300 €300 "p
o €300 '9 T

\ <
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Table 3. Protocol followed on days 7, 14, and 21.

Time T Procedure

Measurements, Samples

7:00 Nasogastric tube piaced;
fluoroscopy of tube
" position; IV infusion’

8:30 .Breakfast; treatment
. 10:30 Morning snack ° |
o 7 ’ \
12:30 Lunch; treatment
14:30 Afternoon snack
17:30 Supper; treatment
20:30 Bedtime snack; treatment
22:30 Optional bedtime snack
8:30 Last gastric sample‘takeh;

nasogastric tube .and IV
infusion removed

Gasﬁric pH measured and 5 ml
of - blood drawn every 30 min
from 8:30 to 22:30

L

Ga: .ric pH wuasured and 5 ml
o: hlood drawm every 60 min
fr- 22:30 to 3:30 :

R

v
Ea
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[ J
el
Table 4. Menus from which patients selected meals. 4 N
Menu A" Menu B
hid \
L] \ o
Breakfast —- 8: 30
20 gn Special K 46 gm whole wheat toast
141 gm 2% milk 5 gm butter :
12 gm whole wheat toast 92 gm scrambled egg
5 gm butter 20 gm jam or
48 gm scrambled egg l4 gm j-m and 4 gm sugar
5 gm bacon (fried crisp). 150 ml orange juice
20 gm jam or 300 ml " Iee (decaffeinated),
14 gm jam and 4 gm sugar Lea, or water
100 ml1 orange juice
300 ml coffee (decaffeinated),
tea, or water
, , Morning smack -- 10:30
w ‘ 2 gm Arrowroot biscuits _
'300 ml coffee (decaffﬂlﬁated) tea, or water
Lunch -~ 12:30
76 gm tossed salad with 50 gm coleslaw
15 gm thousand island dressing 12 gm coleslaw dressing
. 43- gm hot sliced ham 50 gm roast beef o
100 gm mashed potato ‘ 87 gm rice
By 5 gm butter : 5 gm butter
%é?] : 100 gm carrots 53 gm mixed vegetables
L 130 gm canned peaches 68 gm fresh banana
E - 300 ml coffee (decaffeinated) 300 ml coffee (decaffeinated),
; " tea, or water tea, or water
° Afternoon snack —-- 14:30

38 gm oatmeal coockies

300 ml coffee (decaffeinated),

Supper — 17:30

234 gm chicken noodle soup, turkey

salad

33

sandwich plate
gm ice cream

300 ml coffee (decaffeinated),
tea, or water

Bedtime snack —— 20:30

28 gm
14 gm

" 28 gm
71. gm
300 ml

cheddar cheese

graham wafers

or

cheddar cheese

fresh apple

coffee (decaffeinated)
tea, or water

tea, or water

100 gm vegetable soup, tuna

sandwich plate
100 gm fresh orange
300 ml coffee (decaffeinated),
" tea, or water

Bedtime snack -- 22: 30
(optional)
150 gm orange juice .

£

Yer

e



Table 5. Mean ut concentration after meals and at bedtime.
Treatment . Breakfaéc Lunch Suﬁper ‘Bedtime
. Cimetidine < '
. - 4 DR
300 mg QID '10.52%* 3.55 7.93% a 15.72r
| o : 4 ‘ oy

600 mg BID 4,18t 1¢.28 17.79 ‘ 7.05t
Placebo . 25.78 17.90 20.14 " 23,40
* P < 0.05, compared to pléc.ebo. r
T P < 0.01, ‘Qompared to placebo.

—~ = = - Y‘
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e : Table 6. Frequency of occurrence (in absolute numnbers and, . 'ﬁh”

parenchetically, id percents) of pH > 3.0 at night (after

70 " “last dose :nd snagk)-
Cimetidine. - L
f - * o 3
1 , , -
« Pacien;' ,‘ . | S R R “‘¢
No. - 300 mg QID 600 mg BID - “Placebo
99 T ' . . .
p oL 2/13(5) " 14/14 (100) L 5/14(36)
R 2 4/16 (29) 13/14 (93) 4/1s (29)
. 3 . 0/14.(0) , 1/1a ‘ - 0/t4 (0)
S VTSR & S S I V2 AN ()
o ’ "os 10/16 (T1) . 8/14x(5ss s 2/14 (14)
KLJ'fQ, C . ) . ) : ) NN - ".' L N B . i
| : S e /16 ) 0 9/1agleh) e 0/14 (0 .
’. ' ' QP/ L . i - o ',"r. o . S "‘l‘ . I‘ 3.‘ g - ‘.\,’ ‘."‘, ;""(
At ) ’ o K | A ’ e
N o : . A . s M - i . . ,A.."‘-,v
‘Mean (%) ; 56.8%1 - " 131
3§_ .*J P < O US compared Zg 300 mg of cimetid%ne QIp, . . : i e
) .wl ) Y
. T _P <'0@01, compared to placebo. (I oy '
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Tabléﬁ7. Frequencyxof occurrence (in absolute numbers- and,

pafentheticéll?, in percents) of pH > 3.0~duriﬁg 24-hour

Cimetidine

300, mg QID . 600.mg BID",W *

vPlacébo

i \“. ',‘ v “’ . . o
Lo 13/39 (33 . 22/39.(56) .

2 o :J8/39,(él) s ”i ‘ 3%?39 (77) o

e 5/39 (13) .

4 10/39 (26)

s e ‘
5. 90/39- (51) . fﬁ“ 17/39 (44)
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11739 (28)
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4/39 (idj

5/39 (13).

0739 (0)
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Table 10. Mean (+ SE) postpréndial integrated gastrin responses
(ng~din/L).
v "+ Cimetidine
»h
" Time Placebo ' 300 mg QID - 600 mg BID
8:30-10:30 2,715 + 576 69205 + 1,106% 7,570 + 1,722%
# ' : S R
1¥¥30-14:30 4,358 + 1,192 9,303 + 2,271 . 7,218 + 1,519
o . 17:30-19:30 2,468 + 2,532, 10,433 + 2,216 - 6,230 + 1,561

r

* p < 0.05, cdmpared to placebo.

W ;th : : . g
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— - — Placebo | | \ e
300 mg qid (8:30, 12:30, 17:30 &30:30) L
=~~~ -600 mg bid (8:30 & 20: 30) ;"‘0\ L® B

Drug given

» >

»

Figure 1.

4 6 8 10 12 14 .-16 18- 20., 22 24

12:30° 17:3C 20:30 - 8:30
~-TIME AFTER FIRST DOSE OF MEDICATION (Hours) Bl

LN

Mean intragastric pH yaluesmof the three groups dur;ng a

24~hour interval. . >
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Figure 2. Mean_H+ concentrations of the three §r0up§ after mealsvaﬁd at
bedtime. Significant differences from concentrations in
patients receiving placeb&-are indicated'by *(P < 0.05) and

% (P < 0.01).
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Figure 4. Twentyffour hour pattern of serum cimetidine concentratioas

”

“in indfvidual patients during treatment with 300 mg QID (- - =)

and 600 mg BID (—).°
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SUMMARY .

This study was undertaken to determine the effect gf antacid and
cimetidine, alone .and” in combination,~on 24-hour intragastrit hydrogen
ion activity (H+) and serum gastrin profiles. Eight patients with

duodenal ulcer. disease were . studied using a Latin square §design.

Mylanta II giyen 1 and 3 hr  pc and: hs, comhined with 600 mg: bid

cimetidine (C+A7) produced more suppression' of H+ after, breakfast ‘%&N
overnight, and over the 24-hour . period ‘when compbred to Mylanta II 7,
times daily (A7) Antacid given 4 times daily after lunch. and‘supper
"comhined ¢ﬁ cimetidine bid (C+A4) maintainsd the neutralizing Capaoity
during t‘_s time, although C+A4 was not -as efiective as, C+A7. HoweVﬁr
. . v “ o
S C+th prodﬁced more" suppression of docturnal H" as compared thh antacid
PI - v .

’alone (A7), A higher percentage f the readings at’ or above PH*A?O werem

obtained with C+A7 as compared ‘to A7 or C+A4 vA~greater postprandial'jﬁ

intggrated gastrin response (IGR) waspobtained in all treatment groups P
! o u'[ ' Sy

as compared with placebo.- The mean peak cimetidine concentration (Cmax)

. l 4 N
©y was higher but the time to peak (Tmax), was ] orter affer the morning
LT L B ‘ g i .
than‘ after the evening doser' " The area under the _cimetidinefé,“ ST
. -~ - ' ' . , 7 ~ -
concentration-time curve (AUC), Cmax‘and Tmaxvvalues after the morning

/

- {

and evening dosea of cimetidine were not affected b, *'the _co—

administration of antacid." In conclusion l){ combination therapy of
e / T

:?y~ _ cimetidine plus antacid is, more effective than antacid alone in /the

L

-
. i

reduction oﬁiintragastric ' 2) antacid ﬁ}one fails to suppress :F S
¢ .
® /

overnight intragastric acidity,._3)k antacid given cohcurrently” with
: / SR
'cimetidine does .not interfere with pharmacokinetic parameters of plasma 3 s

. . / > ) * o
cimetidipe concentraiégn.‘» . T ; // st ' / Lo

'

u ’ ‘ s T s . ‘
By i Yo s I HEES
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[NTRODUCT LON .
N
Peterson and co-workers have demonstrated that the "extra-effort”
regimen of cimétidine plus antacid, ror cimetidine plus antacid plus an
anticholinerglc agent, was superior to standard cimetidine therapy (300
mg qid) in veducing gastric hydrogen ion activitiesl. Cimetidine 600 msy
-

twice a day 1is superi- .- to standard cimetidine 300 mg four times a Jdav
in reducing intragastric Ht after breakfast, overnight, and over the 24-

9 - . -
hour period-. The present study was undertaken to determine: 1) ir

this twice a day regimen of cimetidine could be further {improved with
antacid taken 4 or 7 times daily; 2) if potent high-dose antacid

therapy was as effective as cimetidine taken twice daily in reducing

Ht;

3 -

3) if the 24-hour serum gastrin profile is influenced by antacid
and cimetidine; and finally, 4) 1f antacid {influences the
pharmacokinetics of cimetidine given twice daily.

METHODS -

STUDY DESIGN

A double-blind, repeated measures, Latin Square Design was used in

which each subject received all possible treatments in a sequential
7 r

random order. Each treatment was administered on a separate occasion

for one week each with intragastric pll monitoring, gastrin .nd drug

level determinations carried out on the 1last dav of each .treatment

week.

he )
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This study was approved by the Ethics Committee of the Department
of Medicine at the University of Alberta and informed cousent was >
. ‘ L \

obtained from each patient. "

STUDY POPULATION

Eight patients with a history of duodenal ulcer‘ﬁkneviously
documented by endoscopy or b: . ium mcﬁl X-ray were studied. The mean
duration of their disease was 3.  _:vs. They were all asymptomatic at
the time of entering into the t.i. ' .ua were not receiving any treatment
for duodenal ulcer at that’ gime. Thereiwere 7 males and 1 female with a
mean age. of 40.6 ygars‘,(rangg 28-67 years). Four patients had
previously experienced upéer gastrointestinal ﬁemorrhage controlled by
medical therapy. All of thé patients were free of significant mic
disease and had. no past history of gastric surgery or vag-iomy.
Physical examination, routine laéoratory tests (CBC, b;ochemical
profiles, urinalysis), chest X-ray and ECG of each patient did not show
any significant change during the study period. The mean basal acid
output (BAO) obtained prior to the sfudy was 6.9 + 1.5 (SEM) mmol/hr
(range 1.9 - 14.8 mmol/hr). In response to pentagastrin (0.6 ug/kg) .
given subcutaneously, the mean maximal acid output was 47.0 £ 5.7 (SEM)
mmol/hr (range 28.0 - 68.8 mmol/hr); only two out of eight patients had

MAO less than 30.0 mmol/hr.



TRIAL PROCEDURE:

-

On the study day (Day 7, 14, 21, and 28), the bpatlents were
hosp;talized in a speeially ;llocated hospital ward at 7:00 am following
a 12 hour overnight fast. A strict protocol was :then followed (Table’
1): a nasogastric tube (size 14 Frengh) was positioned under
fluoroscopic control so that the tip was in the mést dependent part ot
the sﬁomach. An intravenous infusion of 0.9% saline was then initiated
at a ;aée sufficient to keep the veln open. to allow. for subsequent
sampling of venous blqod for determinations of gastrin and cimetidine
concentrations.‘ Residual st;mach contents wére aspirated and the pH of

3

the gastric samplé‘-was measured to the nearest 0.10 .unit using ‘a
‘combined glass and reference electrodé and pH meter (Canlab), which had

been calibrated with pH 2.00, 4.00 and 7700 buffers. Patients received

a standardized meal and ‘their first dose of cimefidine ~or identical

placebo at 8:30 am. The sgbséquent doses_oficimefidine and antacids or

“identical placebo were, given at opredetermined times as indicated in

Table 2. GascFic acidity was monitored over the 24-hour period: five ﬁl

samples of gastric juice- were  aspirated évery 30 minutes while the

patieﬁt was awaké (8:30 - 22:30 hr) and every hour during th;,hours of

sleep (22:30 ;:§:3O hr); The gastric sémple was then reﬁurned to the
,stomachvto ensure complefe absorption of cimetidine and complete acid-’
.buf%ering potential of the antacid: Venous saﬁgles were obtained and

centrifuged, and the plasma wasgimmediately separatea and stéfed aﬁ —4°§
for furtﬂer analyses of gastrin aﬁd cimetidine concentrations. All

o]

subjective symptoms observed during‘the study period ‘were recorded.

Each pH reading was converted to hydrogen iom activity (H+) from
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standard tableB. The Schwarz—-Mann commeréial radioimmlinoassay kit was
used for the determination of serum gastrin concentration (pg/ml). This
measures both G-34 and G-17. The method used to calculate the
9

Integrated gastrin respounse has been published Plasma cimetidine

concentration (mg/ml) was measured b&'using a modified reverse-phase,
high-pressure liquid chromatography methoda- © The pharmacokinetic
parameters of cimetidine given with different doses of antacid were

studlied from the plasma concentration-time curves.

FOOD INTAKE AND ACTIVITIES o . N\

The subjects were provided Qith standarized meals2 with identical

‘

composition of carbohydrate, fat and protein between the four trial

periods. Each meal was consumed over a 15 minute period. Regular‘

/

snacks of known cdﬁpositibn.were allowed between meals. The patients
consumed .an average of 1890 kcal/déy,’coﬁprised of.232 gm c§rb6hydréte,
82 gm protein, and 70 gm. fat. Thg proportion of fﬁe total calories
provided by-'carbahydrate protein and fat were 60%, 227 ahd 18%

*

respectively. There was no difference in food intake between the four
& ' '

trial periods-. The average fluid intake per day was 2.4 L.” Three of
the eight subjects smoked an average of 14.6 cigarettes per day. Vo
change in smoking habits was recorded during the 'study. All subjects

were ambulant and encouraged to maintain their activities on the ward.

A



» MEDICATION REGIMENS

Each patient received four treatment regimens (Table 2) for‘ one
week “each 1n a sequential random order. »Mylanfa IT° (composition:
magnesium hydroxide 350 mg, aluminium hydroxide 650‘mg; andfsimethicone
30 mg per 5 ml; with an acid neutgelizing capaeity of 31.6 mmol pe% 5
ml) 30 ml was given~se;en times deily,“qne'and three hours after each
heal and at bedtime, either alqﬁe (A7) or in combination'with cimetidine
600 mg administered t&ice daily (C+A7).' The combination of cihetidine
600 mg twice daily and Mylanta II 30 ml given four times daily,\ one and
three. houfs after" lunch and supper (C+A4) was aleo studied. The
identical piacebo Qf cimetidine taBiet and liquid antacia were used.;o

maintain double=~blind conditions. ¢

PHARMACOKINETICS OF PLASHA CIMETIDINE

The cimetidine pharmacokinetic parameters were calculated in the

C+A7 and C+Ab groups. The maximum plasma concentration (Cmax) and the

time of 1its occurrence (Tmax) were obtained :from the measured values.

" (B). The concentration from the'previous dose present at time zero was-

The elimination half-life (;]ﬁﬁ was caloulated from the terminal slope
(8) determined by'linear regression anaiysis. - The eree,geder»plaSma
cimetidine;concentratioe time curves[following the morning and evenieg
doses. of cime;iding> from time zero (i.e; dose admiq;stfa;ion) to
infinity were calculated byvthe trepezoidal metﬁod, and adding the area

obtained "by dividing the last plasuma concentretion by'the terminal slope

~

taken into account by calculating the area from.this cbncentration—time
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point to infinicy, and subtracting_it from the overall AUC after the
dose. . Because of the wvariability of some of the concentration-time

points, tho ¢t H@ and AUC of' some curves were not measured.

¢

n

STATISTICAL ANALYSIS

A repeated measures analysis of Qapiange‘was applied to test the
»differencé between-;ll treatment groups. ‘éairwise comparisons were made
oniy 1f there was an overall difference.' The fréquency distribuﬁibnvof
the pH reédingg;at‘or'abo§é 4.0 in each éroup wasbtestea using chi-
square, analysis. Student's = t—test wﬁs employed to compare with
pharmacokinetic_pafameters Setween:the treatment rééimens. :

‘RESULTS'

In the placebo-treated patients, the Lntragastric pH fanged‘betwéen‘
1;8 4%2;9J0Ver fhe 24 hour period, with some-fluctuation‘in pH occurring.
after meais'(Fngre i).. When .antacid was given'one and ' three hours -
after. each meal "and at ni%?t (A7);« the 1intragastric 'pH values. were
I.higher during‘ the daytime; aﬁd during the early!‘hours“’of siéép..
.Combining séven times a.day éntabid wiZh cimetidine 600 mg bid (C+A7)

R I . .

wasoassociated with a much ﬁigher pH as'cbmbared with ﬁhe placebo and-
witﬂ the A7 groups. This  differenée was “striking dpfing both the
daytiﬁe and dhr%ng‘tﬁé‘nighg. 'Wﬁ%n giﬁéﬁidine‘EOOhﬁg pid'was combined”
with antacid taken four times'é:d;;, one and three hdurs afﬁér lunch and

one and three hours after suppéf (C+A4), the pH values were'intermediate

between the low_Valdes seen in the placebo group, 4nd the h1gh values
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seen in the C+A7 group (Figure 1). )
In the placebo—treated patients, the in;ragastrié Y activitie§
“progressively feli after meals from 14.11 % 1.20 amol/L after bfeakfa;t,
to 6.29 + 0.49 after supper (Table 3). The H' activities wefe also
significantly i0wer than 1in the placebo” group for A7, C+A7, and C+A4
.after‘breakfast, aftérllunph, gfter supper, and over the 24 hogr perioé
(Figure 2). Bofh C+A7 and C+A4 SLgni%icantly suppressed Intragastric gt
aFtivities overnigét (p<0.05). The gt activities were lower (p<0.05) in

C+A7 than in A7_‘after breakfaét,» after lunch ang over the 24 hour

period. The H+ activities were significantly lower -in C+A7 than in C+Ad

only after %uhch”(Iable'3).

Sincé‘ peptic’ activity is ¢ greatly diminished at ptl 4.05, the
frequencies of occurrence of pH 1ev¢ls equal.tb or greater.than'this pH
during the 24-hour period, during the daycime and‘duriﬁé ché'night were
compaféd Sétween all treatment groupé. In the_placebo—treated patien;s,-
less than 47%. of the teadings. were at or above ,pHv 4 dﬁring' all ‘time
periods.(Figare 3 The highes; Eercentége'of pH fgadings at or above
4.0 was 6bsefvéd ip C+A7.§at .all time periods, ,witﬁ the wvalue bf 63%‘
"dﬁring_the 24 ﬁou; period and dufiﬁg:the daytime, and 57% overnight. 1In
contrast, the férc;ntégerof‘readings at or above pH 4.0 was simila; inv>
thev.A7 and C+AS groups during, ﬁhe 24  hour periéd and. during >tﬁe
déytime; these values were'intérpédiaté betgi?n the iowér‘peréent;gé
vaiues in the placébo group and“the high'percentage vglﬁes in fhe‘C;A7
groﬁp (p<0.95). »During the night, a h;gher percentaée of tﬁe pH
readiﬁgs‘at‘or above ﬁH‘A.O Qas 6b£aiﬁed in C+A7 ;hd,C+A4 as compared to.

- the planbo group (p<0.05). There was no significant difference of

o

cumulative percentages ' of . the pH readings of pH >4.0v‘between A7 and



81

placebo during the night.‘ The higher perceﬁtage of pH readings 24.0 was
observed in CfA7 than in C+AA“or°:A7 »du;ing ﬁhe ﬁight,, b;t ohly the
difference between C+AJ aﬁd:A7 was'éigniﬁicant.

In a previgas study, ingragastric H7 activities in the_;imettdine
600 mg bid group‘(C) Qere significantly lower than -in the placebo group
after breakfast, overnight énd over thg 24 hour periodz. As éxpected,
the percentage of H' activities as compared with placebo‘were sihilar in
62 versus C+A4 after breakfast and overnight{‘ In ééntrast, the addition
of antacid after lunch waé assoclated with @:dramatic ieduetion in this
value, from 63% in C to 17% in C+AL k2, ;n§ Figure. 2). A similar
inhibitory effect of antacid was seen éffer supper. The gt attivities
expressed as a percentage of placebo ;glues was.eQén lower when ;ntacids
Qere givenlfollowing cimetidine given a; breakfast (l117% versus 217, C+A7v
_versus C+A&, respectively,‘ p<0.05). This ratio was approximately

‘ b
- similar in A7, C+A4 and C+A7 following lunch and- following supper. -

SERUM GASTRIN CONCENTRATION'

In the placebo-treated patlents, the sérum‘gastfin concen;ration

rose bf app;qxim;gely 100% "after eacﬁ meal (Figure 4). In all groups, a
: N ‘ :

‘greater géstfiﬁ respons€ was observed after each meal. This elevation
was more prolonged followidg suﬁper,v and the vovernight gastrin
concentrations were signifiéantiy higher in A7, C+A7,'C+AQ than in the
placebo-treated patients: the mean dvernight gastrin>c;ncéntration was_
27.9 + 0.4 égm/ml in the blacebo—treated patients, cbmpared with 51.9 £
7.8 pgm/ml in A7, 50.3 £ 5.2 pgm/ml in C;A7, and 46.2 + 3.2 pgm/ml in

C+AL4 .
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The integrated gastrin response (IGR)' after each meal .was
calculated over’tha cime period that the concentration approached 1its
basal:value'hy using the tragezoidai rule. - The IGR was calculated over
4‘hour period after breakfast and after lunch, and over 7 hour‘period
after supper ‘as the gastrin response was more prolonged during this
time. The 4 hour IGR were higher in C+A7, C+A4, and A7 as comparéd with
placebo after»breakfast and after lunch,-although the difference fafled
.to achieue significanE level. Higher IGR over 7 houns afterisupper was.
.observed }n C+A7,‘C+A4 and A? groups‘than in placebo; but the ditference

b

was not significant.

RELATIONSHIP BETWEEN H' AND SERUM GASTRIN .CONCENTRATION

-

o

gt to serum

Marked fluctuations lin the .ratio of intragastric
gaétrin concentrations (H+/G)‘were_observed in. the placebo group (Figure -
5). The H+/G was significantly‘lower in the'three.treatment‘groups'(AZ,

C+A7 and C+A4) as compared with the placebo group. Overnight the value~
of H /G was markedly higher in placebo and A7 than in C+A7 or C+A4

(p<0 05) After 00:30 hour, the H+/G rose dramatlcally in the patients

given one dose of antacid alone before bedtime (A7) 'pd
: X

CIMETIDINE PHARMACOKINETICS

The - profiles of the mean 'plasma cimetidine - concentration-time
curves following  the morning and evening doses of 600 mg dimetidine

combined with antacid seven times a day (C+A7) or four times  a day

o
(C+A4) are shown in Figure 6 There were con51derable interindividualv
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variations of pharmacokinetic data for cimetidine (Table S). Following

the morning .dose of cimetidine in C+A7 :the peak plasma concentrations

(Cmax) was attained within 3.0 hr of administration, with'the mean time .-

.t

to peak,(Tmax) of 1.8 £+ 0.2 hr. The . Cmaxjfollowing the morning dose of

el :
cimetidine in- C+A7 was twice asfﬁigh as the Cmax following the evening

'dose (p<0.05). Similarly,w”d ‘ im tidine concentration at 2 hr (CZ)

following cimetidine admiﬁietxation.was higher in the morning than in

Ras ﬂ~h,av

the evening. Alghough ‘the” fmaX~values were generally longer following'
RN

\,.
2 :
the evening than the mornindg dose of cimetidine in C+A7 the %1fference

failed to show statistical’ significance. Higher _Cmax and Cy valpes

following the morning than the evening doses were agaln observed in
. C+A4, and the Tmax values were longer ‘following the-evening than the
morning dose. There was no difference of Cmax or C, between C+A7 and-

C+A4 for both the morning and evening periodg. Our 'previous‘ study

showed similar diurnal..variation of 'cimetidine concentration when

r

cimetidine 600 g bid was given by. itself2 The Cmax and Tmaxrvaluee

after‘ the morning and the evening ‘doses in this present‘ study were
aimilar‘ to those in patients . treated wifh\\cimetidine. alone23 © The
‘ohseved AUC from time Zero to infinitv were numerically higher.following
"the morning dose than the evening dose in both C+A7 and_C%AA, although
‘.the difference was significant only in C+a9v(p<01055.‘ The AUC Oﬂ»‘were
- -similar in C+A7 and C+A4, both following the morning and evening doses
of cimetdine. These valueS\were similar to those ‘in .our nrevious study

[

'where cimetidine was given alonez. . Similar values of cimetidine

_concentration at 10 hr after adminiétration (ClO) following the morning
“ ) . ~— . R
and - evening doses of cimetidine were obtained in both C+A7 and C+A4.

There was no difference of C;; between C+A7{ and C+A4 during the morning

hY
N



and‘evening'periods.' The'24 Hr. area under the curve (AUC 0_24)'"were

—~

similar in the two treatment regimenss These values were not different

than the AUCO 24 observed when cimetidine was given as 600 g bid in our

previous studyz. o < ' S

DISCUSSION

A vdiurnal variation was noted in the 'intragastric H+ following.

meals (Figure 2) This appeared to be unrelated to the composition‘of

the meal, since t e calorieskgnd protein intake following breakfast was

"eless than that.taken at suppertime. In spite of this, the\H activity
following 'supper is less »than~ half of that observed following

breakfast. It is uncertain whether this fluctuation in H cactivity was
‘due to a\diurnal varlation associated with feeding, or to some other..
‘factor-- On examining the resultsﬁgf individual patients thevgreater

’ jacid response following breakfast than supper was observed in ‘6 out of
% . N . .

the’8 patients. The explanation for this diurnal variation has not been;

established in this study.' This observation‘has at least two 1mportant"'

'implications. First, the effect of an antisecretory agent studied first

thing in 'the morning 1s not 'necessarily of the - same quantitative
. magnitudg‘as¥the other time of the day. Secondlv, a'therapeutic regime
must .be selected to achieve ‘greater _acid inhibition in rthe:_morning
rather than- later in the day time. ’ |

The widely accepted dosing regime for antacids is to administer the
6

medication 1 and 3 hour~ after meals and at night The present studyA

confirmed the potent acid—neutralizing effect of giving Mylanta II 1 and‘

3 hours after ‘meals (Figure 2). The'H activity associated with giv1ng



“antacid 1 and 3 hours after breakfast was 35% 'of the placebo value, and

giving the same amount of antacid after lunch and supper was also

"assoclated with 1ower‘H+ activities: H+ activity was 167 of the placebo

‘value after/}unch and 41/ of the placebo value after supper Thus,

o :
both .th wjjtative and’ quantitative effects of antacids on the

neutralization -of gastric acid are influenced by the t ime of day. While ;

it 1is generally recommended to take antacid at night,qnighttime antacid
0 . . . ) o I \ »

was assoclated with only a 337 reduction in at activity. Nonetheless,,

antacid taken at bedtime in the A7 grqup was associated wit& a fivefold

increase in the percentage of readings at or above pH “4.,0. during the
night. Therefcre, this study confirms the recommendation to use antacid
following medls and at night.

Peterson .and co—worke_rsl have previously shown that the combination

_of .cimetidine and, antacid (Qith“‘or without an anticholinergic) is

éuperior\vto the standard dosage . regimen of cimetidine '(§OO ‘mg qid)
during the daytine and over 24 hcur period. We wished -to determine
whether\thetcdmbinationvQf antacid and cimetidine was also-superior when

cimetidine was given twice dailyt"In the C+A7 group, antacid was taken

1 and 3 houré afterlneals, but cimetidine was added at breakfast ds well

as at bedtine. At'hreakfast,‘the,mean Hf aCtivity was significantly
lcwer-‘withvfthe .conhination~,of 'cimetidine_.plus antacid 1 and 3 hours
after'breakfast‘than yith.antacid,or.cimetidine alone. ﬁewever; this
beneficial effect was lost after eupper, i.em there.was*no difference

between ut cactivity at this time in A7, C+A7 or C+A4 (Table 3) ~ Thus

the "added effect of using cimetidine bid plus antacid was benefic1al

ever 'antacid alone mainly following breakfast. This was surprising,

: A T . g .
"since the- effect of the 'cimetidine given with breakfast was expected:to

i

/,



86

hgve been lost by luﬁch, and most certéinly by éﬁppgrt[me. However,
slnce the ’II"" activity falls between breakfa‘st ar:d' suppertime (Table 3),
iess antisecretory or neutralizing effect is ‘requir‘ed later in the
daytime.

One’ dose of antdcid taken "at bedtime‘ (A7) was associat“ed with a
mo&est reduction in H' activity but t}}elz value ' was pbt significaqtly
different “than the pl;cébp ..value< (Table 3). The corﬁbir}ati,on of:
nighttime antacid with' cimetidine ’(.C+A7)> was assovciated“with a
significa_ntl_y lower H+ activity, 3.63 1: 0.72 mmel/L, .a value which
represents onl_y-?.3Z of the ‘plécebo‘ value of ‘i5.83i—1.03 mmo_l/L....- Indeed,
ut acti’vi‘fv overnight was lower in the group given cimetidine with.
-antacid, than in the ‘group glven antacid‘ alone ('i‘able 35.'~ W'e‘ have
previousiy demqnstrgted lt;wer intragéstric gt a(;r;i\}_ity .after breakfast
and overnight when cimetidine is .taken 't;vice daily (600 mg bid)
cémpared with cimetidine given four times a day (300 mg qid)z.'. In this
study we have éhown that the H' can be further reduded by

. effort of taking antacid (C+A7). Thus, it ils recommended that when

combiration therapy is being considered, antacids should be taken 1 and

3 hours fdllowing the breakfaét.dose of cimetidine, and with the evening

dose of cimetidine.
For the purpose of patient compliance, we examined the effect of
two doses of ‘anfacid after lunch and supper when combined with

cimetidine taken at breakfast and at bedtime. . This regime (C+A4) was

not as effective as giving antacid more freqﬁently (C+A7.):‘ T was

'

numerically higher after breakfast, aff:er lunch, overnight and over the
24 hour peribd in C+A4 compared with Q#—A? (Table 3). It is possibl.e,.

however, that the combination of 1less frequent doses of antacid in
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combination with cimetidine might have been more cffective i antacid
had been taken 1 and 3 hours after breakfast and at bedtime rather than
1 and 3 hours aft'er lunch and after supper.

With the acid reduction achieved using cimetidine and/or antacid,
the serum gastrin cbncéntrations were greater in A7, C+A7, C+Ad groups

than In the placebo group (Figure 4). Just as there were diurnal

“ variations in H' (Figure 1), so also were there differences In the IGR

followling each meal, with higher values following supper than following

breakfast (Table 4&). This resulted in  a differed& ratio of H' to

gastyin concentration after each meal (Figure 5). This suggests that

thé ;ensi:ivity of the parietal cell and G-cell to food stimulation may
vary throughout the day. It is also possible that the sensitivity of
the G-cell to feedback inhibition by acid varied throughout the day.
Some previous studies have suggested that the co—administration of
antacid interferes with the absorption of‘cimeﬁidine7. However, the
data to support this obgervation has been conflictingB. From our study,
we /ﬁailed to show a differénce in pharﬁacokinetic parameters of
cimetidine ;n C+A7 and C+A4 both following the morning and the evening
doses of cimetidine. Antacid was given 1 and 3 hr after the morning
ciﬂétidine dose, and concurrently with cimetidine at night in C+A%._ In
C . antacid was not given after the morning dose of cimetidine and was
;i?en - hr prior to Lf:he nighttime dcze. A diurnal variation in
2. stié_ne concentration was observed. L. both groups lower AUC 0O—~ was
observed following the evening than the morning doses\\of cimetidine.
ihis observatgln canl not be explaiﬁed by the co—administration of

antacid with cimetidine at night” in C+A7, as a similar pattern was

observed in C+A4 where the cimetidine was taken at night without



r !
antacld. Thls observation of diurnal variatlon of clmetidine kingtics
was similar to our previous study when cimetidine 600 mg was 2iven twice
a dayz.

The H'Y activities following breakfast were more suppressed in C+A7
than in C+A4 (Figure 2) in spite of the similar values of Cmax.dnd AUC
0=, This suggests that antacid given 1 and 3 hr after cimetidine
enhances the acid suppressing effect by maintaining acid neutraliziag
capacity without interfering with pharmacokinetic properties of
cimetidine. Antacid given concurrently with cimetidine at night time,
as in C+A7, provides an additional effect in suppressing intragastric n*

overnight.

The combination of antacids 7 times daily with cimetidine twice

daily (C+A7) was associated with the lowest  HT  after breakfast,

overnight and during the 24 hour period (Table 3). The highest
percentage of pH readings above pH 4.0: were oBserved in this group
during the daytime, overnight and over the 24 hour period (Figure 3).
Unfortunately, all the subjects taklng antacids se;en times daily
experilenced troublesome'lqosening and increased fréquency of their»bowél
mo;ions. " This diarrhea might discourage patient compliance if the
antacid 7 times a day regime (A75 is recommended for a p;olonged
treatment period. Future study wmust now be performed to establish
whether the use of less frequent or lower dosage of antacid mxgﬁE“
achieve this beneficial effect on acid suppression when cimetidine" is

combined with antacid.
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TIME

07

08

09

10,

11
12
13
14
15

17

18:

20

22

08:30

:00

:30
:30
:30
:30
:30
:30
:30
:30
:30
30
;30'

:30

PROCEDURE

Table 1

TRIAL PROCEDURE 3

.

NG tube placed under fluoroscopy.
0.9 saline I.V. infusion.

-,

Breakfast; cimetidine or placebo

Morning snack. Q@

Antacid or identical placebo.

Ix.(

. Antacid or identical placebo.

Lunch. |

Antacid or identical placebo.

¢

Afternoon snack.

Antacid or i1dentical placebo.

Dinner.

Antacid or identical placebo.

~Antacid or identical placebo.

Optional bedtime snack,

b_ cimetidine plus antacid or identical placebo.

Last gastric sample taken,
NG tube and.IV infusion removed.

91

SAMPLING

gastric pH
measurement

~every 30 min

from 08:30
to -22:30 and
serial blood

samplings

gastric pH

‘measurement

every 60 min
from 22:30
to 08:30 and

“serial blood
" samplings



Table 2
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+ MEDICATION ‘REGIMENS

MEDICATION REGIMENS
High-potency antacid (A7).

~

Twice daily cimetidine plus .
‘frequent . antacid (C + A7).

Twice daily cimetidine plus

lower dose antacid (C +\A4)<

- Placebo control (P). 

DOSAGE AND SCHEDULE

Mylanta II, 30 ml

given 1 and 3 hr

after meals and at bedtime
(22:30 hr). o

Cimetidine 600 mg bid

' (8:30 and 22:30 hr) . ¢
.plus|My1anta II 30 ml

gilven 1 and 3 hr after meals
and at bedtime (22:30 hr).

Cimetidine 600 mg bid

(8:30 and 22:30 hr)*

plus Mylanta II 30 ml

given 1 and 3 hr after lunch

~and supper.

.Identical cimetidine
placebo

given twice daily
plus liquid placebo given 1
and 3 hr after meals and
bedtime. ‘

Y
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- 8:30 12:30 17:30 ’ 22:30. . ' - 8:30
(Breakfast)  (Lunch) . (Supper) o : o -

TIME AFTER FIRST DOSE OF 'MEDICATION (Hours)

?ig&%e 1. Mean intragastric pH over 24-hour period. Arrows indicaté times = .

at which medications are given.
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151 l Mylanta il 7 per day (A7) .
: . B Cimetidine bid plus Ay
: . .- {2 Cimetidine bid plus A, FL
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Figure 2.
Significant differences

period.
o - i

Mean H+‘ activities' after meala,b overnight aund over 24-hour

are indicated by *(p(0.0S).
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MEAN CIMETIDINE CONCENTRATION (ug/mi)
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Figure 6. Mean piasma cimetidine concentration over 24-hour period.
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5. COMPARISON OF 'CIMETIDINE AND RANITIDINE '
ON 24-HOUR INTRAGASTRIC ACIDITY AND SERUM GASTRIN PROFILE

IN PATIENTS WITH ESOPHAGITIS

[A modified version of this chapter has been submitted to Digeétive

Diseases and Scilences, 1984 (in press). V. Mahachai, K. Walker, A.B.R.

Thomsdn.]

102 .



103
SUMMARY

"Twenty—four hour intragastric pH and serum gastrin brofiles were
monitored in six male asymptomatic patients who previously were found to
-have esophagitis on endbscopy and biOpsy. ‘They received cimetidine 300
‘mg qid (C), ranitidine 150 mg bid (R), or placebo (P) for, one weék each,
utilizing the Latin Square Design.. The mean BAO. was 0.4 + 0.2 mmol/hr,
and the pentagastrin—-stimulated MAO was 21.2 i'3.2 mmol/hr. In the P-
vtreated patients, the pH fluctuated between 1.8 - 3.5 and over 907 of
the readiﬁgs were less than pH ‘4.. As compared to 'P, both C and R
significantly suppressed ut after breakfast: overnight, and over the 24-
hour period. The mean pH after lunch was significantly higher in R than
in P, but not in C. Over the 24—hour‘period,‘a higher pe;ceﬁtage of the
readings were above pH 4.0 in R as combafed to C.  During ché_night 50%
of the pH readings‘were above pH 4.0 in C énd R, whereas ih_P 5OZ Qf the
' pH ‘readings were less than‘pH 2.0.. The integrated gastrin requnses
éfter each méal were‘similar in C and R and were greéter than in P. The
5iphasic response of the ratio of HT and gastfin'(H+/G) following eachv
meal Qés suppressed by both Hz-receptor.antagbnists, with numeriqally
lower values obtained .in R thén in - C. ; 'This Astudy suggests that
ranitidine 150 ‘mg bid_';s 'supérior to cimetidine 300 ‘mg qid in

.suppressing the 24-hour intragastric‘acidity.’-
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INTRODUCTION

,Thqgabnormalities of competency of the lower esophageal sphincter,
the clearing capacity of the esophagus, and normal gastric emptying are
considered to be important mechanical factors in the pathogenesis of
gastroesophageal reflux diseasemi However, gastroesophageal reflux has
been shown to occur. in healthy controls ~ without producing-
esophagitisl. It has been shown that patients with‘reflua esoohagitis
haVe increased freqdency and'duration,of reflux episodes as comnared to
healthy controlsl. A recent  study showed'that thg basal aciddontput
(BAO) as welléés both the‘baéal.and maximal'secretory.nolume,in response
to pentagastrin were increased in patients with gastroesophagealfreflnk '
disease as compared with healthy controlsz. While the'gastrin response
to food is apparently normal in gastroesophageal reflux dlsease, the‘
basal gastrin concentration-may be elevated3.

Both ranitidine and cimetidine.are effective in the reduction of
éastric acidity but ranitidine may - be more potent4 Accordingly, this
study was undertaken to compare the effect of‘ranitidine.and cimetidine
on 24—hour intragastric nH‘and serum gastrin_nrofile in six cnrrentlyu

asymptomatic patients with previonsly documented esophagitis. ‘

- METHODS

v t : : TN
"This study was aldouble-blind repeated'measurevaatin’Sqnare design
"in which ‘each’ subJect received all possibleltreatments ranitidine lSO;
ng twice a day (8 30 and 17 30 hr), cimetidine 300 mg four ‘times daily'.
(8:30?'12:30 "17:30, and 22: 30 hr),/and matching placebo in a sequential

random order.f Each treatment was administered for one week with the4

2

7 | ' ‘ o . ) .’: -_‘ - ." S i;
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acid secretion‘studies and gastrinianalyses carried ont on the last day
of the treatment week. Six patients with currently asymptonatic
] gastroesophageal reflux disease were studied..'All of these patients had
previously documented‘esophagitis;on endoscopy and bilopsy. ~’I'hey became
asymptonatic after a 6-12 week eoursé\of ranitidine or antacids, and
have since remained” ‘well with only mild and iafrequent ,symptoms of
gastroesophageal reflux. None of the patients were receiving treatment
for gastroesophageal reflnx disease-at‘the time of entry to the study%‘
All patients were male with an_average age of 52.8'yrs (range Z2-66
yrs). The patients were' frée of significant systemic disease, and had
’novprevious gastric or esophageal surgeryf Before entry into the stuay,

all patients had a pentagastrin test‘(Sug/kg subcutaneously). The mean

basal. acid output (BAO) was 0.4 ¢ 0 2 (mean i SEM) mEq/hr, with a range

of O - 1.4 mEq/hr In response to pentagastrin, the mean maximal ac1d'_'

output (MAO) was . 21 2 t 3.2 mEq/hr, with a range of 9. 2 - 30 8 mEq/hr. ‘
These values were considered to be normal but two subJects had MAO of,

~30.0 and 30.8 mEq/hr. The prOJect was approved by the Ethics COmmittee_

»f the Department of Medicine, University of Alberta,v and informed '

consentiwas-obtained’fromAeachvpatient.
On the study day (day 7, 14 62121), the patientsvvereiadnitted to a

. specially allocated hospital ward at :7:00 ‘hr' followingf.a‘:lZv\hour7e

overnight fast." Water ‘was- taken ad_ libitum during the fast until the' )

start of the gastric .acid secretion study.” ' A strict protocol wasi

,followed a'dnasogastric ftube :vas"firSt lpOSitioned .under fluoroseopio, ‘

control so that the . tip was in the most dependent part of the stomach.

R

Immediately after fluoroscopy, an intravenons infusion of‘0.9% saline

was initlated at a rate sqffieient to‘keep the_vein'open to allow free
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&

access to sampling of venous blood. At 8:30 hr, patients received a

‘standard meal (Table 1), and their first dose‘.ofr drug~ or -identical
placebo. .Additional . doses ' of drug bor placebo were ,given at
predetermined times.

| Gastric acidity was monitored by a method similar to that described

by Pounder et al5 five ml samples of gastric contents were aspirated

every 30 minutes. while the' patient was. awake, and  at. 60 minute intervals

‘»hduring-the sleeping hours. If necessary; a S\ml-flush'of»0,94 saline
pwas used to obtain sufficient gastric fluid for pH measurement and to
' wash the syringe used to aspirate the gastric juice. | The pH of the
.sample was meapured to the nearest 0. lO unit using a combined glass and

reference electrodes and pH meter (Canlab L30) which had been calibrated

w

with standard buffers (pH 210' and 4.0) before ;each batchv‘of _

measurements The aspirate was then returned to the stomach contents to

L‘

ensure . complete abSOrption of medications.~m“Blood samples ‘were ’drawn‘
every 30 minutes while the patient was awake and every two hours during_.:

the night.- Blood samples were centrifuged and the serum was immediatelyli_:

’separated and stored .at -4° C for furtherv determination of gastrin

9

'conCentration;

"erAll subjective.~symptom3»_observed_ during~,the study .period .were

recorded and 'vital"Signs* were ‘monitored. " At - the end of 'the 24-hour

“study periods, ‘the intravenous line and nasogastric tube were removed,
s

'Vand patients were instructed on- the medications to be taken over the

'following week. _

The standardized meals with identical composition of carbohydrate,.

'fat, ,protein -and volume,'were.rprovided-» o _the patients in hospital.

0 similarvto,our preVious_study6, Regular snacks of . known composition
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were allowed between meals: Onl¥ decaffeinated coffeeqwas‘permitted‘and
cigarette consumption was discouraged, but if the.patient smoked'then
. , S - _ _ . :

the number of cigarettes was recorded.,,The subjects were ambulant and
‘were encouraged to lentertain themselves on the, warda The patients
consumed an average of 1798 i 29 kcal/day (range 1662 - 2029 kcal/day),
comprised an average of’218 gm carbohydrate, 82 gm protein‘and 65 gm
fat. The proportions of the total calories provided by carbohydrate,
protein and fat were 49/ '1§z, and 33% respectively.-‘ There was no
‘difference in these proportions of food intake between the three trial
periods.' The ‘average fluid intake per day was 2 43 L, eand subJectsi

smoked an- average of 10 cigarettes per day.

The intragastric hydrogen activities (H+) were converted from the

".pH values using a standard table7 ‘ Thevvalues of<H+ were compared over

au90_minute period after each‘meal, as‘well'as overnight (22:30 - 8:30)
and.forithe‘total 24 hourhperiod;n The pH profiles “of all treatment
groups were also compared by deriving the cumulative percentage ‘of pH
readings at or above each pH value ranging from 1.0 - 7.0.

The ,serum ‘-gastrin coggentration .was determined by a
radioimmunoassay method using a .commercial kit (Schwarz—Mann) The
antibody employed has similar affinities for G-34 and -G-17 molecular
'forms, The integrated gastrin response after_each.meal was calculated;
‘by” using thev trapeaoidal hrule—:tov-obtainh the areaf'under the
concentration—time curve-(AUC) from'timefzero (i.e;'time,of a meal) to a
certain time’ point after. each. mealjvvheref.the gastrin’ concentration
approached ‘its basal value; ~ffhé' basal <:oncentration't5 present ;t‘
-mealtime, was takenbinto account by calculating the AUC from this p01nt"

to the same time point, and subtracting it from the overall AUC after
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"~ each meal. The ratios of H" and serum gastrin concentration over a 24
3 . X . ) - Q
" hour period were compared between cach treatment group,. and the

correlation of H+ and gastrin concentration were studied in all groups.

STATISTICAL ANALYSIS

The Studentls t;distribution'test was used for statistical analyses
of the pH values and intragastric H+ in all treatment orOups. The pd
values off‘K.;0.0S ;were> considered significant. 'The frequency
distributionv of the pH readings‘dath or -above 4.0 1in éach, gfoup was
VAstudied _using chi—square. analysis; A -repeated.'measuresh,analysis of
“variance and covariance test was applied to see 1f there was ‘an overall
difference of the chanées' on serum gastrin profile,“area \under the
crve, and ratio of H+ over gastrin between the treatment groups at each

of the defined periods.‘:A least square difference test ‘was applied only,

if there was’ an overall significant difference - : ..
'RESULTS °
A. TIntragastric pH profile

'fThe" 24—hour intragastric pH profiles of 'the six patients with~
gastroesophageal reflux disease are shown in Figure 1. Inl patients
treated with placebo, the pH ‘ranged from 1.8 - 3.5, in contrast, in
‘papients 'treated with an Hz—receptor antagonist,:'the 'intragastric.-pH
valuesiwere higher. | | |

Injthe'placeho groups, 50% of the pH‘readings_were'below a pH of
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2.3 during the 24-~hour .period,‘ during the daytime.‘and during the
nighttime;(Figure 2). In patients gilven cimetidine 300 mg qid,'SbZ of
the pH readings were above 3.7 ‘during the 24~hour period, during the

daytime and overnight. Following‘ ranitidine 150 mg bid, 50% of the
readings were above. 4.6 during each of these intervals. These
differences between the’ placebo and the Hz—receptor antagonist groups
were significant at| each time period (p<0 05). ’ Using human hemoglobin
as a substrate, proteolytic activ1ty of gastric Juice ‘is‘ marhedly,
decreased at pH 4.08l During the 24 hour period (Figure ZA), the
percentage of readings at or above pH 4.0 was significantly higher in
the. ranitidine than in the placebo group (p < Q.OS), -or@.in. the
cimetidine than ini'the- placebo groups (p<0.05, 60%, '40% and 10%
respectively). Similarly, a significantly‘ greater Apercentage of .the;l
readings was at or above 4 in the ranitidine—' and c1metidine treated
patients than in the placebo ‘group when measured during the daytime~
(Figure ZB) or. during the nighttime . (Figure 2C) Ihe percentage of pH.
readings above 4 0 was greater in the ranitidine than in the cimetidine- :
group for the 24 —hour period and during the daytime (p<0 05)

With either cimetidine or ranitidine,.the intragastric Hf activ1ty
at each time period~was less ‘than that observed in the placebo group
~

(Figure 3) 'The difference in the mean'H activity in the placebo and

in’ the cimetidine groups was statistically significant after breakf £,

overnight, and for the-24rhour period (TableVZ)f The dlfference in.the-
‘mean ut ;activitY' invtthe placebo ‘and  in the ranitidine ‘group.vwas

statistically significant afteriibreakfast;” after' lunch,‘ as. Welil as
Foyernight.and:OVer the:?AQhour‘period. Althbugh‘the'difference.in the

_H+ activity in the cimetidine and in the ranitidine groups failed to

o
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£

' aehieve statistical significance (p>0.05), the mean H' activity after

\

lunch Qas significantly lower than placebo in the'ranitidine (p<0.025),

but not in the cimetidine group (Table 2).
B.  Serum Gastrin‘Concentration

After an \overnight fast the ‘mean basal gastrin concentration
(Figure 4) was similar in- patients treated with placebo, ranitidine and
cimetidine (46;2, 56.0- and 53.3 pg/ml) Thelserum gastrin eoncentration
increased after each meal’to_reach alpeak at about one hourr In the

placebo group, the - serum gastrin concentration returned to the. basal"
level within. 4 hours after -breakfast and after lunch, whereas the

- gastrin concentration remained at least 25% above the basal wvalue after.

breakfast and~gfter lunch in patients giﬁen'cimetidine'or rgnitidine.

After supper, a~biphasic gastrin-response was-noted, with an initial
peak at 1 hour and a 1ater peak at 4 hours, shortiy.after the bedtime_
snack.‘,This biphasic response was seen in the- three treatment groups
and it_ was not until 9 hours afterv supper that the plasua gastrin
coneentrationireturned"toithefbasalilevel_afterusupper in the cimetidipe,:
and.,ranitidine ,groupsw' In the placebo group, the serum gastrinf
;eoneentration‘-increaSed'gto_ approximately 1127 of the 'basali'value
.following 'each"nealr‘ whereas the postprandial gastrin concentrat:onu'
increased more rapidly and higher ‘to approximately 167/ of the basal'

value_ in- the patients reeeivingv one of the Hz-receptor ‘antagonists. '
However, there was no significant difference in.the overall increasefof'
serum gastrin concentration after meals'in'all'treatment groups.

_F:he‘integrated gastrin respouse (IGR) was. calculated for aFZ.hour'
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'perlod following each meal. In the placebd'group (Table 35, there‘was
no statistically significant difference between the mean values of the
IGR after breakfast (3040 + 679 pgm. min/ml), after lunch (5115 + 650

pgm. dmin/ml),” and after supper (3595 + 860 pgm. min/ml) Since the food-.

stinulated gastrin concentration had not returned,to the‘basaﬁ valuer,
until 4 thr after‘breakfast‘and‘lunch, and untill 9 hrhafter'supper in the
-rcimetidine and ranitidine groups (figure'A), the”lGR}was also ‘calculated
‘for longer intervals (TableVB). »The,difference of 4 hr IGR following‘
breakfasr ‘and 1unch in the .placebo group‘ failedv to ‘Show vstatistical
'significance. ~w} | - | |

In the patients given cimetidine, the two hr IGR was higher afterv

\breakfast _lunch and supper as compared .to the placebo group (Table 3), -

' but' this difference was not statistically significant., Similarly, t e .
4 hr IGR after breakfast and; lunch and the 7  hr IGR after supper were
higher in the cimetidine than in the placebo group, but the significant_

difference between groups was obtained. only with the 7 hr IGR after
supper (p < 0.01). The IGR at the different time intervals was also~
7higher in the ranitidine than in the placebo group, but.there-was no
'diﬁference in the food-stimulated gaétrin response in the cimetidine,:-
versus the ranitidine groups.-w
‘_C;'Relationshipvbetween,H+band_Gastrin Concentrationj
In "the placebo-treated'patients;;theiratio of H+>to serum gastrin' .
'>‘concentration (H /G) increased dramatically after -each meal- (Figure"

o 5)."In COntrast, only a modest change in the ratio of H+/G was observed

in the‘cimetidine—treated patients follqwing meals{ In" the ranitidlne—‘i,"‘
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treated patients,hthis ratio'remained'essentialiy constant over the 24
hour period; The differénces_in‘the.ratio 1t/G after each meal were
‘significant between the placebo and cimetidinevdr‘ranitidine. . ;

In the placebOftreated patients, there .was ~ a weak 'negativev
correiation_ between serum’ gastrin concentration and hind (r=—0.19

rp<0h05)- Such a relationship was observed neither in the cimetidine»pr

" group (r=0 05) nor - in the ranitidlne group (r=0 13)
DISCUSSION_

In placebOftreated patients with a past/hist y,of endoscopically'

~

“and biopsy proven esophagitis, the intragastric pH ranged ‘between 1 8 -

T

3.5 (Figure 1) and over - a 24—hour period, less than 10/ of the ﬂl

J

\\readings were above 4.0,(Figure 24). Therefore, the intragastric fluid
which - was available for* regurgitation Into the esophagus was.'highly k

- acidic and potentially damaging to this organ. —The administration of

I3

’Hz—receptor antagonists was associated with. apvmarked 'reduction ‘in\'\
Antragastric H+, after meals, overnight and over 'the-v24—houri period

(Figure 3). 1In addition, 50% of the intragastrinpH readings were pH
3. 7 or greater in the cimetidine— and ranitidine—treated groups._ This
-compared . with pH. 2.3 for the placebo treated patients at*. all time

“»

.periods (Figure 2).. Also,va higher percentage of the readings at pH 4

- or above was obtained. in the cimetidine- or ranitidine—treated patients \\ ,_"

. as cbmpared to placebo.' Cimetidine and,ranitidine'have been shown,to be

useful in the management of GERDg’lo This study suggests that one

|

likely mechanism of this beneficial effect of an Hz—receptor antagonist

isA the pronounced reduction in intragastr Qb H+ after meals and ‘

overnight.
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Chenicalsandipharmacological differences exist between cimetidine
" and 'ranitidinellf Previous.'workers have established that 150 mg of
ranitidine‘given'twice‘daily”&as more effective than 1000 mg daily of
cinetidine in‘the'reduction of . mean éé hour hydrogen ion activity and
nocturnalv adid output when testedé in ten wmale patients with
endoscopically ‘proven chronic duodenal dlcers in remissiou4. 'It should
i be noted that . in - this study using 300 mg ranitidine or 1200 mg
cimetidine daily l) intragastric " was significantly suppressed after
'lunch in-patients treated with ranitidlne.but not with cimetidlne;ﬁi)
'intragastric ut was numerically less in the ranitidine- than in -the
cimetidine treated patients after breakfast, after lunch, and ‘over a 24-
hour period' 3) comparing ranitidffie with cimetidine, the intragastric
J_pH observed in half of . the readings during the daytime,. overnight and
during the 24~hour period were higher (Figure 2) and 4) the.percentage
of readings.above pH 4 was greater during the daytime and during the 24~
hour period in the‘ranitiddne4 versus .the cimetidine-treated patientsl
© (p<0. 05). Thus ranitidine would appear to be superior to cimetidine in

the suppression of intragastric acidity when tested In patients with

4

chronic duodenal ulcer disease

\r

The serum gastrin concentration required up to 4 hr to return to

or esophagitis.

»

basal~ leVels after the. first4 two 'meals of the day (Figure 4)- - In
patients given placebo, the gastrin response to supper1was unusual in
~-two'ways.‘ a- biphasic resppnse was . observed and‘the gastrin returned to

'the‘basal concentration only_after'T hr.' This study does not establish

‘-the basis for the difference of re5ponses following the third meal of
the day, but this biphasic response following supper was also observed'

in. patients treated with cimetidine and: qmith ranitidine. In these

/

,cimetidi: - and ranitidine—treated patients, the*gastrin coucentrations

.'C\‘A‘
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following supper remained above the basal le;el for an” even wmore
prolonged interval. As expected, food-stimulated gastriﬁ concentration.
in the serum was higher in -cimetidine— and raniridine;treated patients
(Figure 4). However, the correlation between H" and gastrin was weak in
the placebo grodp (r=-0.19, p<0.05) and was non-significant in the
cimetidine and in the ran%tidine groups. Lf the reduction in ut was
closely associlated with éhanges in gastrin, then the ratio Qf HT/g?stfin
wogld be unchanged between the placebo, cimetidine and ranitidine
groups. Thié was not the case (Figure 5). ?his suggests that the Hy-
receptor an;agonist may have an effect on gastrin release which is not
explained simply by thé reduction in H'. From this data, however, we

‘

are not able to specifically determine whether the Hz—recéﬁtor
antagonists have an effect on the gastrin receptor, nor does our data

allow comment on any possible effect of Hy-receptor antagonists"on

parietal cell sensitivity to food, or antral cell sensitivity to acid

" inhibition. However, in view of the previdus observation of elevated

fasting gastrin concentrations in some patients with GERD3, and the

elevated postprandial integrated gastrin responses 1in the cimetidine-
e . .

and "the ranitidine-treated patients (Table 3), the longterm effect of

the Hy-receptor antagonists on gastrin metabolism 1in GERD mst be

assessed.
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Table 1: SAMPLE OF TYPICAL DAILY FOOD INTAKE

Protein
Time Meal

Fat

(g)

CHO
(g)

. 118

‘ Fluid Energy

(g) = (cc) (k;al)

0830 Breakfast
-~ toast/ jam
- cereal/milk
- scrambled egg
= Jjuilce
- coffee/tea/water .
- cream/sugar

1030 Morning Snack )
- cookles '
- coffee/tea/water
-~ cream/sugar

1230 Lunch G :
- tossed salad/dressing
-~ roagt beef
- mashed potato/butter
- carrots
- canned fruit =
- - coffee/tea/water
- cream/sugar -

1500 Afternoon Snack
- cookiles .
- coffee/tea/water
- . cream/sugar

1730 Supper
- soup
- sandwich
- — fresh fruit
—~ coffee/tea/watet
- cream/sugar

2030 Bedtime Snack
- cheese 'and crackers -
- coffee/tea/water
- cream/sugar '

17..0

S 1.5

20.0

2.0

- 32.0

9.5

“v

16.0 -

3.0

15.0

6.0

17.0

8.0

50.5 530"

20.0 380

53.5 380

31.0 380

| 47.0. 380

16.0 380

Total ' "

82.0

65

218 2430 1785
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’ . - ACimetidine; 300mg qxd
. ' e Ranitidine, 150mg bid
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fRanmdme . ; o ,. "' v L
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- 8:30 ©12:30 - - 17:.30 " '2230 S . 8:30 :
{(Breakiast) - (Lunch) (Supper) . - ' - o < RN
TIME AFTER FIRST DOSE OF MEDICATION (Hours) S o .
Intragastric pH Over 24 Hour Period- TThe»pAtients were giVén~

Figu;e 1.

J cimetidine or ranitidine at the times indicated by the arrcvs.

h
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A 24 Hour Penod
100 1

B Piaceoo
A Cimetdine
e Ramudine

100 7 ' : ‘ B. Daytime (8 30-22 00)

R
"};

PERCENTAGE READINGS ABOVE EACH pH

_— 1.0 20 30 40 50 60 70 . ¢

A
. Figure 2.. -Cumuiative percentage of the,pHvreadingé at pi values from 1.0 ,
to 7 0 in ‘all treatment groups during ‘the (A) 24 -hr period (B)

daytime and w) overnight.
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,Figure 3.
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oPlacebo )
" ACjmetidine. 300mg qid
e Ranitidine, '150mg bid

3
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]
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T Rl — T Y Y L E— T T T T 1 T ) i
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: 8:30 12:30 , 17:30: : 22:30, i : . 8:30
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TIME AFTER FIRST DOSE OF MEDICATION (Hours).
_ Figure 4. Serum Gastrin Concentration over 24~Hour Period. The patieﬁts

were :given cimetidi‘n'e or ranitidine at the >times. indicated by

the arrows.
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_H"/G OVER 24 HOUR PERIOD
A |

0.6 1 - ' ‘ o Placebo’ 4
: A Cimetidine, 300mg qid
e Ranitdine. 150mg bid

<0 2 4 6 8 0 12 14 16 18 20 22 24
. 830 12:30 © 730 . 22:30 - 830’
(Breakfast)  {(Lunch) ~ (Suppery I
' TIME AFTER FIRST DOSE OF MEDICATION (Hours)

Figure 5.. Ratio of Hydrogen Ion = Concentration to Serum Gastr

Concentration Over 24-Hour Period.
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6. COMPARATIVE EFFECTS OF PIRENZEPINE AND CIMETIDINE,

ALONE AND IN COMBINATION,l"" -

ON 24-HOUR GASTRIC ACIDITY IN DUODENAL ULCER DISEASE
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SUMMARY

\

Both pirenzepine and'cime:idiﬁe have been shown to be beneficial in

the healing . of duodenél_ ulcers (DU). . The aim of this s tudy was to

" determine the effects of pirenzepine 50 mg bid (PRZ), cimetridine 600 mg
bid (C), either 'alone or in .combination, .on 24 "hour intragastric

acidity, nocturnal gastfic secretory volume and acid output, and serum

gastrin profile - in DU. Eight asymptomatic patilents with healed DU

‘received placebo, PRZ;'C, or C+PRZ for one week each in a sequential

order. All measurements were carfied»out over 24 hour period on the

7

last day of each treatment week. : As compared with P, C was associated

‘Qith'lowér hydrogen ion activities (Hf) following breakfast, during the

night and over the 24 hour period. PRZ by itself failed to suppress Hf,

; . . .
but = the combination of C+PRZ resulted in a more prolonged acid

]

suppression with lower H' after lunch “when compared to C alone. The

effect of cimetidine on the suppression’ of )nocturnal acid secrefory

volume and acid output could be further enhanced by addition of. PRZ.

‘The fasting serum gastrin concentrations wé@é similar in a{f—E;;;tméht

) !
/

groups excluding one  patient with antral G cell hypgrplaéia;"the

pdstprandial gastrin responses were-similarly higher in € and C+PRZ than

in P. This study sﬁggests that there is an added benefit of combination

' therapy of»cimetidine and pirehzepine which may be'dseful in patients

i

who fail to respond to single agent “therapy. ] . ’ )
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INTRODUCTION

Pirenzebine 1s a selective antimuscafinic ageﬁt of'higﬁ affini;y to
the gastric mucosa thch decreases > 31 and stimulateq gastic acid
| secretion while producing much less anticholinergic side effects as
comparea with conventional anticholinergicsl’z. Gastric‘acid secretion
in response to peptone aﬁd sham feeding was fouﬁd to be inhibited by
this agent3’4. Pirenzepiﬁe decreases pentagastrin-stimulated scid
output b; reducing the volume of acid, rather thamn by affecting the
gastric acidityl’s. The beneficlal effect of'tgi§'agent in treating
active duodenall ulcer fﬁif .been suggested by previous studies6’7- A
éynergis£ic interaction has been démonstrated between pirenzepine and an
- Hy réceptor 'antagonistg’g. The combination certainly pFovides a
potentially beneficlal effect 1in the treatment ‘bf peptic uicer
disease. The present :study was - undertaken to establish the
phaﬁmaéological effect of pirenzepine 50 mg bid and cimetidine 600 mg
bid, either alone or din combinaticn, on 2§—hour intragastric ©pH,

nocturnal acid secretory output and serum gastrin concentration in

patients with chronic duodenal ulcer disease.
METHODOLOGY

‘The method has previously been published;q. Briefly, a doﬁhle—

"blipd, repeéted measures,_Latin square design was used ' in which each

[N

subjeét received all possible treatment 1iIn a sequential random order.

Each treatment was administered for ome week with acid secretion study,

R “

and gastrin qnalysés being carried odt“on the last day of eachtdf the

LN



treatment week. The medication regimens cousisted of~ four groups:
. [ ) .

pirenzepine 50 mg bid, cimetidine 600 mg bid, combination of pirenzepine

and cimetidine given twice a day, and a placebo control group. This

study was approved by the Ethics Committee of the Department of Medicine

at the University of Alberta and informed consent wés obtained from each
patieqt.. N

A total of eight patients';ith duodenal ulcér préviously documented

by endoscopy or barium meal x-ray were .studied; ‘The patients were
asymptom;tic at‘\the éime of study and were not receiving any ,active
treatment fpr duodénal ulcer disease. There were 5 males and 3 fe;ales
with the mean age of 43.3 years (range 29-63 years). The mean duration
of the}r diéease was 4.9 years. Al% of“than were [rée of significant
systemic disease‘ and they had no past *history of gastric shrger& or
vagotomy . Physical examination, routine .laboratory tests (CBC,
biochemical_profiles, urinalysis) ghest x—raf, aqg ECG of each ‘patient
were normal. | '

The mean basél acid output (BAO) w%f 1.9 £ 0.6 mmol/hr (range 1.3 -
3.0 mmol/hr). In response to pentagastrin (0.6 mecg/kg) given
subcutaneously, the mean maximal acid outputléas'35.4 + 15.8 mmol/hr
(rénge 14.0 - 68.0 mmol[br); only three out of eight patients had MAO

‘higher than 35 mmol/hr.

On the study day (day 7, 14, 21 and 28), each patient was admitcgd
to a specially allocated hospital ward at 07:00 hr following a 12 hour
overnight fast. A strict protocol was then followed ' (Table 1): a
nasogastric tube (size 14-16 Fr.y was positioned under fl:  -oscopy so

that the tip was in the most dependent part ‘of the stomach. ‘An

intravenous infusion of 0.9% saline was initiated at a rate sufficieant
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to keep the veln open. This allowed free sampling of venous blood for
determinations of serum gastrin concentrapion, and plnsmé levels of
cimetidine and pirenzepine. The results of the plasma drug levels will
be presented elsewhere. The patients were provided with standardized
meals and regular ;nacks, similar to our previous studylo. The first’
dose .of drugs or placebo was given at 08:00 hr, 30 minutes. before
breakfast. The subsequent dose of drugs or placebo was administered at
21.00 hr, 30 minutes before bedtimebsnack.

Gastric acidity was monitored by a method similar to that déscribed‘
by Pounder et alll. The sampling of gastric juice was obtained every 30
minutes while the paﬁient was awake and every 60 minutes while the
patient was asleep. The pH of thé gastric asplrates was measu}ed:&? the
nearest 0.10 unit using a combiﬁed glass and reference electrédes and pH
meter. The pH electrode wasncalibrated with sfaﬁdard buffersiéf“pEAZ.O
and 4.0 before each batch of measurements and at the end of the 24 hour
. sampling period.

Between 24:00 hr and 08:00 hr, gastric jugée was aspirated"
continuously by Gémco suction'iat =50 mmHg, supplemented by ‘manual.
aspiration applied every 20 minutes ’with ‘the patients in the supine

position. The pH  and volume of the ﬁocturnal hourly fractions of
gastric aspirates _Qgre ‘measured immediatly and the samples were  then
stored at -4°C. Within 24 hr, the total acidity (H+ conéentratidn) of -
each sample was determined by automatic.titfatiqn to pH 7.0 using NaOH
(100 mmol/1). Acid'oﬁtput was calculated from the proﬂuct df the volume
times'ﬁhe acid”conéentration; At the ﬁime of gastric pH measurement, a

5 ml venous samplé was drawn, centrifuged and separated, then stored at

-4°C for determination of serum gastrin concentration by radioimmuno-—
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assay using Schwarz-Mann.commercial kit. The antibodies employed have
affinities for both G-34 and G-17.

All subjective symptoms and vital signs were recorded during the
trial period. Biochemical and hematological érofiles were monitored
during ﬁhe study period. Only one patient consistently experienced a
minimal degree.df blurred vision during bofh weeks when pirenéeéine was
glven either aloﬁe or 1n combinétion with cimetidine. Drj mouth was

observed in two subjects, but only during one out of the two weeks that

< -

they were on pirenzepine.

The data of one patient was excluded f;om analysis. This patient
had a high basal gastrin concentration and markedly increased gastrin
concentration after meals, with an average peak of 1040 pgm/ml. In.this
patient, the . gastrin concentration did ﬁot increase with secretin
stimuiatiop.\\fhé BAO and PAO of this patient were 0.9 and 14.0 mmol/hr,
gespectively. Immunocytochemxgal staining on antral ‘or- duodenal
Biopsies was not obtgiﬁeq, but it was presumed that thig patient had

antral G-cell hyperplasia.

STATISTICAL ANALYSIS

Descriptive statistics and differences among ~ treatment- groups and
times were analyzed. An analyéis‘bf variance, with reﬁeg?ga deasu:es on
both drug and time was the major dnalytical procedure. The différence
, among treatment groups were tested by paired t—tests or non—parametric

statistics, when necessary. The p value less‘than'QQOS was considered

- T

to be statistically significant. S . » 5&;;;v,
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RESULTS
Intragastric pH Profiles and Hydrogen Ion Activities

The 24-hour intragastric. pH vaiues .of all treatment groups dre
shown in Figure 1. in'placebo treated patients,';he pH range between
1.5 = 3.3 over the 24-hour period, with fluctuations occurring after
meals and dﬁring.che ﬂight. In patients treated with pirenzépine 50 @g
bid, the 1intragastric pH profile was similar to that observéd in
patients treated with placebo.’ Cimétiaine given 600 ﬁg bid resultea in
higher intragastric pH values foilowing breakfast and during the night,
as cqmpa?ed to placego- Whéﬁ combiaing pireniepine with‘timetidiﬁe, the

~higher pH values were again observed after breakfast ;and during the

night as compared to placebo.
. "

&

~ There Qere significant diffeteﬁces of the mean pH values over  the
24-hour period among all treatment groups (p<0.05). Cimetidine, either

alone or in combination with pirenzepine, resulted in higher mean pH

: 2 ; :
values over the- 24-hour period as. compared to pirenzepine alone or

 p1acebo (p<0.05). Although the mean 24 hour pH value was numerically
- higher in the combination-treated. group than in the‘cimetidihe*treated

~group, (3.39 1.00>versus 3.14 + 0.89), . the differenée failed to reach

statistical significance (p>0.05). Neither were the differences of the
N . : ‘ T ,
pH values between the pirénzepine-treate. group and the placebo—treated

group significant.
The mean - values for the intragastric hydrogen ion activities were -

calculated over 'the time period after each meal, during the night and
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&Y ‘ _ » . ,
over the 24 ‘hour period (Figure 2). When .compared to placebo,
pirenzepine by itself did not produce suppression of intragastric H at
.
any time period. ~Cimetidine significpntly suppressed intragastric gt
after breakfast during the- night, " and over the 24—hour period'
(p<0.05). When_ mebining pirenaepine to cimetidine,’ significant .Hf
suppression nas obtained tollowing breakfast, lunch,_overnight; and over
the 24—hour period (p<0.05).. The.mean HY activities after hreakfast and
lunch were” numerically lower in 'the combination :group than 1in the
cimetidine group but only the difference after lunch was: significant
(p<0. OS) ‘ |

' As peptic activity 1s markedly decreased at pH 4. 012, ‘the relative

rrequency of pH readings » 4.0 were compared. The cumulative
percentagesv of pH readings ‘at or above each pH from 1;0—7.0 for all

treatment ‘groups -are shown in Figure 3. During the daytime, higher

percentages of ‘the pH readings »4.0 were obtained im the cimetidine and‘

1

in ‘the combination-treated groups (18%), as compared to the placebo-

treated group (57). There wasan'difference in the percentages of the:
pH readings at or above 4.0 between the. pirenzepine and placebo groups

d(Figure 3a). During the night the combination regimen resulted in a

\D

higher percentage of the pH readings >4 0 as compared to the cimetidine

group, which in turn yielded a higher percentage ‘of pH readings >A\O as

‘compared to the pirenzepine or the placebo group (Figure 3b); ’Howeyer,

+

the .difference between the values in the combination— andfcimetidiheﬁi

 treated groups was not significant. During the. 24-hour. period, higher
percentages of :pH »4.0 were observed in the cimetidine—treated group and
in the cimetidine plus pirenzepine-treated group'vas‘ compared to the

placebo-'or the pirenzepine-treated group (%igure 3c).

\

\

b

Pl
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Nocturnal Acid Secretion

Cimetidine ‘resulted in a nunerical reduction of ‘the_ nocturnal
secretorv volume and acrd concentration from 01:00 to OS:QO hr, as
bcompared: t0v1plecebo, elthough' the differences efailed to reach
signifitant levels (Eigure 4,5). However, acid output was significantly'
. suppressed by cimetidine during this time period §p<0.05, Figure 6).
.Pirenzepine by itself fdid not ,have‘ any. effect on nocturnal gastric
volume,'acid concentration; or acid output; However, when pirenzepine,
was conbined with cimetidine, a’ significant suppreSSion of rnocturnal
'volume F(p(O.OS)' and of nocturnal acid, concentration ‘and acid output
(p<0 Ol) were obtained (Figures 4,5,6). l

During the last hour ~of sleep (OS 00 i 08: 00 hr), the’totel"acid
‘output;at;each hourly interval was numerically lower.in the comhinetion'
,;reatedigrduprthenhin‘the cimetidine—treated group hut the difference
was.not significant.'vThe‘meen hOurly volume, acid concentretion and

v

acid output overnight were suppressed by combination therapy (Figure

7). The overnight acid concentration and ac1d output were signlficantly
lower in the cimetidine group than the values’ in the placebo group. - The
difference in the. overnight ‘acid volume ‘between the» cimetidine and

'placeho‘groups.was not significant (Figure 7).

*Serum. Gastrin Concentration

In the‘placebojtreated\petients, the serum gastrin concentration

v

rose approximately 192% after eachbneal. Thehpeak;gastrin concentration
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oécurred:«about "1 hour -‘after each meal (Figure .8). The sustained
.»increase‘ in sérum kgéstrin‘ éSncentpgtion was obtained only after
suppertime, with a §ecqnd péak of serum géétrin concentration occurring
after thé nighttimevsnack. This gastrin‘response after supper was more
. prolonged than after tﬁe first two meals of the day i.é.‘ it took
approximately 74hodrs_to‘feturn to the basal vélué.v |
iéerum gaétrin profiles wépe similar in the pirenzepine andlplaceboL'
tfeafed.groups. Avhigher éeak éefum gaspfin éoncent:atioh‘ahd highér
gastrin responée vere obtained éftef each meal iﬁ thé cimetidinef:ahd-in
thg combination—treated graups, aé}compared~to the placébo.group. Oqu
i .the differénces after breakfast>Were significant (p<0.05)., | |
One patient waS'suspected of‘haviﬁg antfa1—G cell hyperplasié, i.e.
a high ‘basél» gastrin"concentraciéﬁ ’with, a markedly increasedb serum
gastrin respoﬁse' after eachrjmeal. _The .féstihé‘ serum gastrin
cohcéntfation failed to increase with secretin étimulatioﬁ.k Tﬁe‘gaStrin
concentratioﬁ profiies\ were similér aftér all ttea#ment regimens and
placebd in this patient with suspected éntfal\G—cell.hyperplééia.
When'fhe~§élueé‘of the géstriﬁ concentratiohéfdf’thié.paﬁient Qefe
excludea from tHe‘aha1Y$is, highef gaétrin:respdnseé wefe‘again obtained
/aftér ;each' meal in :hév cimetidine and cﬁmBinaEioﬁ'xt%éatedv gréupé‘ as |
‘}/f:cohﬁared to the placeséy:group, : In  these twov‘treafmeﬁ; groups; bthe 
- gastfin concentfatidﬁ did not ‘feturn' to its vbasalv'vélQeS‘ between the
  .meals,'aﬁd,longér'ﬁiﬁé was required-for the gastrin_con;entfétioﬁé to
reacﬁ their bésal Qalﬁés“after suppértigé, .
'Thg~fatio of Hf aétiﬁicies56v¢f sgrum'gastrig'conéentrétion (H+:G)
'Waélplotted oﬁer‘ZQ‘houf period for ali‘;reé;ménﬁ gfoupsr These valgé% o

fluctﬁétéd3markedly after each»mealLiﬁ thelpléceb07tréated group (Figure'l
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9); . The ratio was“suppressed' throughout the 24-hour period in. the
cimetidine-treated group and the " combination-treated: group. The
difference of H":G values betweén the pirenzepine—treated group was not

significantly different than the placebo—treated.group.

DISCUSSION

Tﬁé usefulness of _conve;tional anticholinergic agents in the
treatmenf of - peptic ﬁlqer disease.has'been limited by the undesirable
side effécfs such.as,dry mouth, blurred vision, taéhycardia,.;hd'aﬁony
of urinary;Sladdér‘ahd-gastrointeétinal ﬁract. Gaspric acid secretion
'in respénse to food islinhibited only by a maximum of 357% with.a maximum
.;bieréted dése of a cbh;entipnal anticholinergicl3. Pirenzepiﬁe is a
,sélectiye antiﬁuscarini¢' agent,'&hich' dispinguishes between different- -
subéiasses of . muscarinic récepto?sla, f&hich. h;s' geen‘ préveg to be
‘beneficial“iﬁ fhe ﬁfeatment of peﬁtic ulcer diseasels; Althéugh‘othefv
“an;imusqarinic‘agents may‘haY? highef affinity fdr,bidd@ng to pariétél.
'cgll ‘reéepto:st‘than pirénzgpiﬁe, they-’are not iés_ selecpive"as:
pifeﬁzepin¢16;v’1n'the pfesentkétudy, pirenzepine 56 mg-bid bf/ifSelf
. Aid 'nqt>“have: any effeét  09. inttagastrié ‘pH Yalues over thei 24-hour
vberiod (Figure"l).  When écid;\secfefion was measured bvefnightg
pirenzepine fai ff to'stppress the nocturnaL'-acid  §ol§mg,>‘écid 
cdncentration 'or-totairaéid output (Figpfeé 4;5{6),;whefeas'cimetidine
did teducé intragastfic ut iactiVities,~no¢;ufnal acid Sécréfory volume.,
and‘t;tél écid ouﬁput.~ Tﬁe’effect ofici;étidiﬁe 600mg bid was obseerd
'bﬁly after-~bréékfast land during' tHe night. | Wheﬁ .pirenzepinévﬁwas

combined ‘with cimetidine,‘the‘acidvinhibitorf effect waé’obsérVed'for a

5



more prolongedyperiod, as Hf activities‘nere suppressed after lunch, in
addition to being~ suppressed-;after breakfast and during‘fthe night.
Nocturnai acid volume, acid concentration‘ and acid output' were
suppressed by both cimetidine and by the combination of cimetidine and
pirenzepine. Furthermore; the effect of combination therapy»per31sted
~for a longer period than cimetidine alone. |

None of - the treatment regimens had an effect on pH values after
suppertime. This lack of isuppertime effect of .cimetidine on
intragastric. pH was Similar-'to - our previous observations where‘
cimetidine Was‘ngiVen either as 3OQ mg qid‘ or as 600 mg” bidlo_. The
explanation,for this confirmed observation is‘unclear.,~Intragastric.H+
activities'tend to be lower after suppertime, withjthe higher_g@lues
after breakfast ‘and during the night This diurnal variationllof xt
activities may be related to the buffering capacities of different neals
.of “the ‘day and the absence of food during. .the night.,_ The gastrin
"response to Imeal is prolonged -and sustained"after suppertime; which
‘again may be related to the size«of.the meal ingested at that time.
' This prolonged gastrin response after suppem‘may prov1de the sustained
stimulation of gastric acidity which makes it resistant to suppression
by any of the treatment regimens employed in this study.

| The effects of - antimuscarinic agents on gastrin release in response
“to.sham feeding and to meals have been reported. Vagal-mediated gastrin

release may .be enhanced by antimuScarinicu agents like atropine,

17,

!

. suggesting that “this. cholinergic ihput is predominantly inhibitory

However, food-stimulated gastrin release ({is- either unchanged or .is
inhibited by anticholinergic agents18 Pirenzepine does not affect o

-v.vagal-mediated _gastrin releasel9_ and it may'vdecrease foodsstimulated
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gastrin release(when the pirenzepine 1s given in a high dose?0.

his stuydy, pirenzepine 50 mg given twilce daiiy-failed to affect
theﬂ,jZEEé“/g;si;i —concentration 1in response to meals. - It 1is not
‘surptising that the gastrin responses to food“wereigreatly enhanced by
cimetidine, as gastrin release {is partially under negative feedback
. contrOI of gastric acidity21. However, the gastrin concentration is not
viclosely‘related to HY activities: the ratio of HY activities to gastrin
concentfations (H+:G) markedl; fluctuated in tne placebo group and was
suppressed in tne cimetidine~treated- group (Figure 9). This suggests
that gastric acidity fs under the influence of other factors 'beside
‘gastrin, that the gastrin concentration is influenced by factors other
‘than or in'addition to intragastric pH, and that the sensitivity of acid
'stimulation by gastrin is suppressed by cimetidine. When combination.of
. a
pilrenzepine 50 mg bid and cimetidine 600 mg bid was used, the gastrin
, response‘ to.meals was also enhanced. Thus;- there appears to be no-
further'.interaction between -the 'cholinergic ‘and the Hz—receptors on
nediatingbthe'tatio of Ht:G.
Although ‘previous studies have shown “that\'pirenzepine decreased
.acid secretory response to. pentagastrin by decreasing volume ratner than
acid oncentrationl 5 nocturnal acid secretion in terms,-of_ volume,

.

concentration'and total.acid output were not altered by pirenéepin; in
| this ‘study. The reasons for this lack of effect in this :?iz; ‘are
unciear; Y'The. volume‘ ueasurement “during ‘the :24» hour» period is .not
possible uith this tectnique whicn‘ueasures phatmacological.effect of
treatment regimens.on gastric acidity under physiologic conditions in

respouses to meals without manipulating the normal gastric physiology on

the,_control of acid .secretion: Gastric contents were aspirated for
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volume measurement and extragastric titration performéd during the sleep

hours when? the acid secretion is free 'of stimulation from food.
Potentiation of vérious secretagogues has been demonstEated with
parietal cells in,vitrozz. Pirenzepine potentiates thé antlsecretory
effect éf”‘cimetidine when the combination tﬁerapy is used. It 1s
unlikely  that this = antimuscarinic agent provides furthér .acid
suppression by inhibiting vagal-mediated acid secretion or inhibiting
gastrin,releaée as pirenzepine by 1itself failed to suppress nocturnal
"acid volume, acid concentration lénd total /;bid> output.
vef sérum gastrin concentratioﬁ ‘was not ‘altered by pirenéepine
‘xif It ié possible that pirenzepine may prolong ‘the effect of

tidine b;&;ﬂxering'cimetidine bioavailabilities through its effect

bnﬂééstfic emptying. Pirenzepine has been shown to have higher arf Tty
tb gastric mucosa than to smooth musclel® thus. gastric emptying w 1 be
affected to ai lesser extent by this agent. The greater and mnr=z

prolonged acid inhibi%ion with combination of cimetidine and pirenzepine
was not due to changes 'in the pharmacokinetics of cimetidine
5 : :
(unphbiished observatioqs). Both agents may act synergistically on
receptor sités on parletal cells to-inhibft gastric acid. This greater
aéid inhibition with‘coﬁbination of pirenzepine and an HZ‘TECéPCOY'haS
been shown to- be useful ‘iQf the treatment of gastriﬁ hypérsecretory
,states8, and may brove to be gf:benefit in the treatment of patilents
with duodenal ulcer disease, particularly in those patients in whom acid
secret;on is inadequately suppressed Ly a single agent, or in.whom

4

ulcers or ulcet symptoms fail to improve on single-agen:z . ier-py.
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HAS POTENT ANTISECRETORY AND ANTIGASTRIN PROPERTIES

IN PATIENTS WITH ‘DUODENAL ULCER DISEASE
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SUMRY o ‘ ‘p«\"
| This study was designed to comparé tHé»effects of- Enprostil (E), a
synthetic dehydro—prQstaglandin Ey, on 24-hour intrggasffic pH and serum
jéastrin profile 1in patients with duodénal ulcer (DU) disease. The
_dosing regimen included E ‘35 mcg hs, E 70 mcg hs and E 35 wmeg bid,
compared'with‘éimetidine 600 mg H~id (C), and placebo (P). Ten éaticnud
: S ‘ :
with inactive DU were réhdomly as~icied to.all five treatment regimens‘
for.one week eacﬁ'accordinr 0 a Latin”tha;g Design. There was a one
week wasﬁout.period between eacﬁ treatment.\’Intragastric pH and serum
g@étrin.measﬁrements Were'carried out on the last day qﬁ each treatment
week. In'P; inﬁrégéstr%c pH fose after each meal and flhéﬁuateq between
.1.5-3.5. E 35 ﬁcg bidiand C elevafed.pH after breakfast and during the
night (p<0.05). The single nighttime d;se of E had a marked effect on
pH iny when given in the .dose of 70 mcg and thfg efféct lasted over
13.5 hours. .The pH values during the night were similar in the groups
tréated with E 35 m@g bid and E 704mcg‘hs. During the daytime, the
re;dings’ﬁt or above pi 4 were P 5%, C 21%, E 351mcg bid 34%. During
the nighttime, the readings >4 were P 12%, C 29%, E 35 mcg bid 39%, E 35
mcg hs 19% and E 70 mcg h33382. " The pos:prandiai rise in serum o~-~trin
‘:waé greatly enhanéed_ by ‘C, but ghe change after bfeakf ;as
dramétically Blunted by'Ii 35 mcg bid. - fhe gésfrin concentration wﬁs
. increased in C during the qight»but there was no difference in @astrin
conéentfaﬁioﬁ ovérnight between . all regimens of E» and P. This study
sugggsts'~chath 1)' E 35 mecg bid is as éfféctive as C _600 mg bid in
.suppressidg-postprahdial and nocturnal intragastric acfdity; 2) E 3§ mcé
bid aﬁdv70 mggféc.night are siﬁilarly,potént in suppressing nocturnal
. _ o ) :

acidity; 3) in édditidn to . its cytoprotective effect, Enprostil has

-potent antisecretory and antigastrin properties.
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“prostaglandin methyl ‘analogues on the, healing of duodenal ulcer
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! o
INTRODUCTION ‘ " | .
Prostaglandin methyl analogues given ora” '  1inhibit gastric acid
* secretion in response to food and various sec ->gues In animals and
humansl’zAin a dose-dependent manner. The ﬁechanism of acid inhibition

»

1s unknown. Recent studies suggested that the serum gastrin response to

a meal may be inhibited by low doses of methyl PG Ey given orally or

2,3, However, serum gastrin was shown to be increased by

‘3 !

intravenously“:?
an antisecretor&ldose of prostacyclin4.

Several clinical trials have suggested the . beneficial effect of
| 5,6

This ulcer healing property of these prostaglandins may'be teiatcd»in'

L

- part to their acid inhibiting effect?.-'Intragastrio pH moﬁitoring has

been a useful techrique to assess the effect of potential antisecretory

agentsg’g,»and)to modify the dosage'regimen in ‘patients with duodenal

-

uléer or with acid hypersecretion to“achieve an ‘optimum therapéitic

10, Our previous study showed that ciﬁetidine -600 mg bid is

AN

effect

superior to cimetidine 300 mg qid in suﬁbressing intragastric acidity in |

patients with inactive duode . ulcer11

’ & ] .\,‘ . ey .

exaggerated the gastrin ;espon}s‘?fter meals but had no effect on the'
Y

o g

basal gastrin concentration.' resent study was designed to compare

."
-

the effects of three dosage regimens of Enprostil (Syntex, RS 84135*00—

&

00- 3), a synthetic dehydro—ptostaglandin E,, and cimetidine on lﬁ—hour:

1ntragastric pii_and serum gastrin pt?file in patiEnts with inactive.

| | ﬁg
U]

<
5

duodenal ulcer disease.

Both regimens_of cimetidine
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MATERIALS AND METHODS . o : IR
) g ' e - . ‘_ . . A~
1." Patient Population o B ﬁ. ‘ B ¥,
: . o . . ) . L
: ; %

.‘Iue study population consisted of five male and five fenale

~subJects with a past history of duodenal ulcer, previously documﬁpted on.

. wm.
endoscopy. -The patients. were~ currently asymptomatiC\aand wére not
o ' o
‘ receiving other antisecretory agents at the time of the study All

patients were free of active systemic disease and had no past history of

B}

'vagotomy or gastric surgery."Their average age was 42.4 £+ 4.4 years

(range 25 - 64 years).‘ None of the‘patients were smokers. Before entry

into'»the 'study,_ all patients tiad a pentagastrin test (6 0 mcg/k

’ subcutaneouslyy:‘ The mean (tSE) basal acid output (BAO) was 7.4 t 4 7

\
«
1
-
2
.
v .
<
V‘l
.
N v
w ' t D
5N
.
L
el
._)S
-
, :
-~

subjects."

o\ o R

mEq/hr.g In responsevto pentagaS' .. the mean maximal acid out (MAO)_
L A o : o G

was 37.4 3.1 "mEq/hr, with Jlues“jover 35 mEq/hr

v

B

a ) . ‘n
D . A .

»

. The study was approved by ﬁhewﬁthie‘

D¢ ) q

- Medleine, ,University of Alberta,Aand infogﬁedjconsentiwasfobtained for.  °

<@

eacﬂ)patiept‘prioratd the study. - o 0 - T e
e RN I A .o . - e

-/ o
{‘\4' )

{dine BQO mg bidy and‘placebog in a randomized

sequential order. Each treatment regimen was administered for one week

': L o
N . @

Y

\

) . - 5 .
< - .- . . ; . . EE

“veach and each patient was’ hospitalized for intragastric pH and serum



= tf:? conduct ..of the pH‘monitOring. fAll subjects followed the protocol  as
gt & . |

XN

gastrin“analyses over 24-hour‘perio%59n the last day of each treatment

158 -

. ' s
week. Thete was a one week washout period between each treatment week,
. during whic&h time the patlents were on no medication.’ : - R
' 3 ‘ . . / i )
N\ '
3.7 . Trial Procedure ”
e ‘
& )

é‘ *' fach paéient was admitted t6 .a special allocated cllini:cal‘

“

estigation unit .on the ~night prior to the study day. This ensured,:

4

{at the nighttime dose of medication was admi“nistered beffore’tfhe

~ . _.1\’

RS e 1‘" ¥
outlined in Table 1.“ They were fasted” overnight after 24: OO hr and
- ' S v .- : \1,

At 07 00 a nasogastric ‘tube . was

,.\3, -

; Sy Va
“?d‘ ? ‘ . . \ 2 v o “h T “«“‘P’
' dependenth,part of the stomach._ Intrag(enou infusion of a O 9% ‘saline e,
fe?h ’ o
‘solution ,was~ initiatwt a rate Su ‘.ficient to keep the vein open ‘to »
7o allow free access -forRr s;ampling of ve:nouSs hlood. 'I‘he first: dose of drug \u::" :

or placebo was given *"patf 08:00 , hr,-x\;.,iga,nd __'.tﬁ e | nighttime dose. was
administered at 20 OO hr - All vital signs and sub.jectiv.e_sympto'ms ‘were K

L] o, RIS \ .
. “a - .~

=1,

- a B > .
period. The patdents;wer€ .ambulant and were
e ) . o

'—':'emselves 8u the ward. - _-° -
EI a p o
. : e ‘ .
iThe patients ‘were non-smokers awﬂjtﬁus : not smol&e'during ‘the
W R T .

&

&

'study period. The subjects were prov1ded with a choice of me}‘is similar
e ’ ’ % ) . o
to our previous st:udyll " The patients Q:ons(umed an average of 1556 + 44 ’

Y

‘kcal/day (range 1305 -, 1780 kcal/day)? c0mppising an average of 173 gn

,of carbohydrate', 70 gm of protef'n, ‘and 65 gm of fat,. The approximate
. calories providedlby carbohydréte,iprotein and fat were 487, %‘, ‘and -,

~ PR
v

*

35%; respectively.' "For each_ 'pat‘ier_);t:,' there was no difference in food ..

y . ~
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4. Inttagastric pH Monitgring
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intake duri‘ng eachof the five study periods. The average daily‘.__fluid

intake was 2.5 L. ' g

i
O
/
/
/

'
b o
o Hog . 5
e . . . - . \ . ;
. it

t .

ot ERVAN

N - .- sind VL
B : P Y i

N

The;‘ method wused  for- in'tragasitric pH » monitoring has been

« B T ipdy
. . Ry o

p'ubl_ishedll".b' " Gastric-acidity was monitored- over the .24-hour period: .5

- ml samples of gastric juice-were aspirated every 30 minutes while the

>

i patiend was awake, .and at 60 minute intervals after ‘midnight.. A 5.ml

R S S : . . )

:f"flush ;'of'O.9Z" sa:l'ine solution was' used, 1f necessary, to ‘obtain

»Sufficient gastri%juice for pH measurement and to wash fthe syringe

- As ~peptic activi 4
lipercentages of readings‘ at or above this pH vere” compared b%tween each
: treatment.group. Ea'chh pH measurement wag converted to hYdrogen ion (H )

- ,a'ctivityA using the standard table forCna,lysis e AY -

2 ."

%‘ic contenc. 'I‘he pH of,\ea'ch sample was

m

used ton aspira%ﬁ £he
:\f?

o A )
measured to the nearest 0’10 unit using a combined Jglass and reference

0 A -
Aelectrode and pH meter 'which had been calLbraQed with standard buffers. - -
% b ; N o
(pH -2.0 4 O and \'73 0)- before each batch of measurements. . The aspirate
-.) v
31 ' - .
was then returned to the stomach to asgure c0mpletk availability ofi"G’
do - S S S : - B
meﬂ:iication.‘ o o & o S . T %
& SRR I . e c
‘The * effeccs of all ‘treatment regimens on ht\s;ragastric pH ,valuesf'

. i o o
durir?g the day, overnight and over’ the 24 hour period were evaluated

;markedly diminished at - pH 4 012,‘ cumulative

B

Fa

/

H

- [ - . \

s ' kY
T3, i : o

N ) Lo
ey .
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§. Serum Gastrin. Profile

) . . &y

(",

.Sérial blood samples were drawn through the intravenous line, rhen

were centrifuged . and the serum was immediately separated and stored,at
Gy : ' v

-4° C for determination”ofHEerum gastrin concentration. Serum gastrin

measured By radioimqynoassay method using a'

™

¥
‘P

commercial,kit (Sc o ~—Mann) which me35ures both G- 34 and G-17. The.

integrated gas -

o

{in//r aponsey (IGR) after each meal was .calculated by

"obtaining the area under the curve (AUC) from.each meal time, to the;
time that serum gastrin concentration approached its basal value. The .

v
« N

basal concentration present at mealtime was taken into account by
f_calculating the AUC over the same ;time period from this basal value and
subtracting the basal values fromvthe overall AUC after each ﬂgﬁﬂ. The

‘relationship of H¥’ and seﬁﬁ? gastrin concentrtion,was s%hdied in all

O SRR R T L,
treatment groups.- ' - N g : o
o R iy
LY R M Q- hd
6. Statisticalfﬁnalysis ' " C e oo
{M,o ] . ’ R i . . ‘rﬂ"‘,

P-values’ for treatmenta eff‘tts, were calculated from the rank
) ‘ . . — .

transformed datéf ~Sex, subject and order of treatment administratlon

' ' '{I’

were taken into account for data analyses. The P-valué less than 0.05

- was considered®to be statistically significant.
- &

-
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-were%markedMEferences in the meén pH values

‘placebo group (Figufe 1)3{~These differencesuwete
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A

%.. RESULTS L . . .

1. lnttagastric pH Profile

The mean  pH - values for .all treatment regimens are ‘shown éor the
daytime hours (Figure 1) and for the nighttime hours (ngute 2).‘ During
the daytine hours (08:00 - 20:00), the pH. values rose transiently after
each meal in 'the placebo—treated..patiente, with the mean pH values
ranged between 1.5-3.2. | Innvthe_ cimetidine and -Enprostil 'tteatment
groups, the pH values tangedlbetween l.§;4.5} ‘The mean.gﬁ values during
the daytime ;etg:similar\in the Enprostil 35 mcg hs and‘in.the placebo

group. The mean pH values for the Enprostil. 70 mcg hs were

significlantly above'the mean vdalues for the placebo group be%ween 08:00

- 09:30; none¢¢of< the other daytime values were-'different from ‘the
. : o W

‘placebOugnoup.‘vIn contrast, in the Enprostil 35 mcg bid group, there

h

" breakfast, plus some values were,significantly above the mean'values of

the placebo group afterblun8h7time.; Similarly, the meanfpﬂkvaluee in

»

' the cimetidine<§99 ng'Bid group were higher than the mean values in the

placebo group after breakfast, and at various intervals after lunch.

iﬁ’ During the nightt'ime ‘xours, (20:00+_O8f$.0‘()'),‘tne pH values in the

placebo tgeated group ‘fluctuated between 1.8-3.3 (Figure 2). When

Enprostil was»given as.35 meg Hs,_the mean values for the. pH during the

'

nighttime 'hours‘ were significantly higher than placebo vﬁ@ﬂés only

. / 3

between 3. 5 6.0 hours after dosing. Following the evening dose of 35

1 mcg Enprostil to?tﬁevpatients receiving the twice daily dosage regimen,

“

ronounced after -

@
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Cle2

the.gastric pH values were significantly above placebo values het@een
3.5-12.0 hburs. after dosing, With Enprostil 70 mcg hs;. mean¢“
intragastric pH . values were significantly-greater than placebo between
3.5—12.0\hcurs after dqsing. Indeed;_when the intragastric pH values

were monitored into theb daytime hour . following ,the niOhttime_
»”D ‘ Ll

administration of 70 mcg Enprostil the mean intragastric pH. vah@gs were.,

“

-*&‘,‘ ) .
significanﬁly above placebo values for 13 5 hours %fter dosing (Figures &

Y

I and 2). Following the nighttime dose of cimetidine 600 mg bid the
: intragastric pH values were signific?ntly higher than fhose in the

placebo group at 2. 5, 3.5- 6 10 and 12 hours after dosing (Figure 2)
During the daytime, the mean intragastric pH values in th#@patients

\v"

-treated with Enprosgil 35 meg. . bid were numerically higher than the pH -

) Vi g: .‘; . N S )
.3giues in patients treated with cimetidine 600 mg bid but none -of these N ” ﬁ

‘*\)

differences wachieved statistical significance. Similarly, during the

0 niohttim7'hours, there was ¢ significant inter—group mean pH - valuesa

'Th&? :“Qas no diffenence in the mean pH values of the nighttime pH

- —n

regimenﬁiih"the Enprp 1° 35 mcg bid versus the Enprostil - 70 mcg ‘hs

"

groupss . ' ‘ - S 2 ‘ 5
Cumulative percentages of the pH readings at or above -a given pH

from l.Owth 7.Q_are shown 1in Figure 3. During the daytime (Figure 3a),*

- L - - . . i
~ L R B
less than 5% of the pH readings were > 4.0 .in the /’lacebo—treated "

patients. ihere was nc difference between placebo, Enprosti& 35 meg hs
. and Enprostil 70vmcg hs grqups inAthe percentage of pH.reading b 4.0
during the daytime period.‘%in contrast, ZiZ of the daytime pH readings
were P 4;0 in the cimetidine grcup,'andv34z of the'pH readings were >
4.0 in the 35/mcg hid group. Althoughﬁaanumericaliy greater proportion

L

Cf'ﬂpﬂ readings ‘wggggg? 4.0 4in the 'Enprostil' 35 meg hs during the SR



s

'readings were > 4.0 in the cimetidine group during the night grcade&"ﬂw

4 XN
T "\"JQ».
\
o .

nighttime as compared with the placebo group, these difl;c_rc n%

5,

to achieve ts_tatistical significance (Figure 3Jb). While 29/0 of ﬂ‘(‘j&-' .

N e el 16.3, o

ithan 38A of the pH .readings were > 4.0 in the Enprostil 35 mcg bid Qni&"‘ :

(

. in the Enprostil 70 meg hs ryroups (Figure 3b). When’ the results of(,“{skhe -

3

',l

'daytime and nighttime hours .were combined and assessed for the 24—hour

~

\xﬁ'

‘ 'peri'od only 74 “of the pH readings were equal to or greater than 4 0 in -

""z'the placebo group (Figure 3¢). A similar percentage of pH readings >

H

4.0 was ob‘served in Ehe Enprostil 35 mcg hs group as compared to the

placebo— group., Although 18/ of the pH readings were » 4.0 in the 70 mcg
o, . o o G

hs Enprostil group, _ the most dramatic ,dif»'ference ‘was noted in the
‘\J

l el I

. ,Enprostil 35 mcg bid group,' wi(;h more than 35/ of@h pi readings > -

-9

0

by Enprostil 70 mcg hs to a similar extent as the suppression observed

4 O This _ mean . value was numerically greater than that “ in the

P

oimetidfne group (21/) Thus, when con51dering daytime, nighttime, and

. q
ss.,‘v-*‘ 9, : .

24 hour results, the greatest proportion of~ pH readimgs were equal to or
v ‘J o

greater tha@ 4 O “in the Enprc)stil 3’5 mcg bid group.. o

The pﬂvalues were converted to intragastric H activities and t’i*rfe
-results. foliowing each ~meal and overnight are summarized in Figure 4,
'i‘he v:m‘ean intragastric gt actiylties were si-gnificantly suppressed by
cimetidine and Enprostiiia 35 meg bid after breakfast, overnight and-

a

during t¥e 24—159ur period.  The overnight, gt activities were suppressed
. ‘L’ \ 2

with Enpréstil 35 meg bid. . Although the mean values of the ni.ghttime

it

(20:00 - 08:00) intragastric HY were lower in the Enprostil 345/{mog hs
. . . e . !

group as compared to ‘the «placebo' group , the difference was not

-

’

statistically significant.

t

Yo
{
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2. Serum Gastrin Concentratioils

.. .
"
.\(- .:‘ . N [

. i \‘
The mean basal serum gastrin concengration‘ﬁge 48.40 + 6.06 ng/L in

Q
thq§)placebo—treated group. After each meal the serum gasttin

concentration 1in the placebo—-treated group increased to a similar

magnitude with the average maximal concohtration of 136.67 + 31.63

LY
G
ng/L. The peak concentration was attalned within 60 minutes ‘af ter each

L

meal (Figure 5).

In patients treated with cimetidine 600 mg bid, the eer;;\ghsgrin

concentration rose after each meal. Most of the mean value@ for the

serum gaetrin‘concentration during the daytime hours;were significantly

higher in the eimetidine ”tteated group as compared;,tb those Qaluesﬂ’-

observed for the serum gaqtrin’concentration obéerved in the patients

";

treatqugﬁth placebo.  In the cimetidine—treated gtoup *he serym gastrin

fQ&,achieved a significantly higher peak concentratlon after
each médiﬁ}u With Enprostil 35 mcg bid, the serum gaétrinfdoncentration
failed to increase after breakfast, with,lpetsistently' lower gastrin

concentrations . over two and a half hour period after breakfast as

‘compare¢eto'placebo. Indeed, the effect of Enprostil 35 mcg bid on the

sefum.gastrin concentration.after breakfast was'striking~at one hour,

since ten out of beﬁv(lOOQ\\of the study patients had low;?‘gastrln

Seven of these

levels afte MEhprosti,a

.ten subJects (704) had'gastrin levels reduced to at least 50% while onmn

,Enprostil 35° mcg bid 4s compared z}th placebo~ In contrast, when a

single dose of Enprostil was given at bedtime either es the 35 mecg or

the - 70 mcg group, the serum gastrin concentration increased after each

meal, including after breakfast, in a similar fashion as in the placebo

I
<«
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In the placebo-treated patients, there was an increase in the
tuay

gastrin concentration ~after each meal, and the integrated gastrin
réspdnse was siﬁilar éfter breakfast,‘ after luncﬁ, and after. supper
(Table 2). The post—-prandial ihtegrated gastrin responses after -each
mgal weré higher 1in tﬁehcimeﬁidine.as compa:ed with-the ﬁlacebo-treat;d;
agiigfast

patients, although the differencelwas significant only afte
B i |
(Table 2). Whilq\ e_ integrated gastrin response was, simily ﬁ;&he

.
. iy
Enprostil 35 mcg bid versus the placebo group after lunch éﬂg#_ ter

|

supper;“ the integrated gastrin ré%ponsegﬂf

ter .breakfast was
. . , . \ ) r‘ ) . » “

~significantly lower in ‘the Enprostil 35 mcg b as compared with the

placebo group. The integrated gastrin response was thus markedly lower’

after breakfaét in bati&nts given: Enprostil than in patient% .given
'cimetidine} * The post-prandial integrated gastrin responses afterball

meals,weré similar in the Enprostil 35 meg hs, Enprostil’ 70 mcg hs, :and ‘
: Ty
in the placebo. group.. o *

During the nighttime Bbug&, the serum gastrin concentrations were

'similar in*all Enprostil groups and in the placebo group. In coﬁtrast,

tHe ga;trin concentration was significantly higher in the cimetidine
group than 1n‘the placebo group over the 1.5 L 4.0 hour pg;iod after the
evening dose of cimgtidine (Figure 5). Due to the prolonged gastrin
respénse ‘abser§ed with cimetidine aft- suppertime; the integrated

gastrin responses were also calculated from 17:30 - 24:00 hr. Only-the

~value in the cimetidine-treated gfoup was significantly higher than in-

the placebo—-treated group (Table 2).. .
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3. Ratio of H'ydrogen Ion Activity to Serum Gastrin Concentration

]
Aﬁv

"Ir' the placebo-treata# patients, the ratio of the hydrogen ion

activity to the serum gashglg\ concentration (H+/G) rose after each meal

(Figur:," 6). ‘Th'e ratio of ut /G was “dramatically reduced 1in the

cixnetidine—-treated patients. During the .da,tyime, the ratlo of .H+/G was

similar in the Enprostil 35. mcg hs, Enprostil 70 mcg hs and the placebo
5

groups (Figure 6). Enprostil 35 mcg bid exerted both a daytime and a

nighttime effect on intragastric pH and serum gastrin concentration

-

'"(Figures 1, 2 and 5). The ratio of H+/G was intermﬁ)ate the
Enprostil 35 mcg bid group between the values - in . the placebo—treated

.patients and the suppressed values in the cimetidine-treated patients,

despite the greater  acid inhibition ip this Enprostil group. The

nightime ut/c values in ‘511. Enprostilftreated groups were -intermediate

U-”d

A

between the, J&;igh value &.che pleﬁcebo group and the low value in the

)5"(*7 vy

e

P
ctr

DISCUSSION

S

. ,;]—
given in an oral dose .of 35 mcg twice dail.y, En,prostil was

3 VIS

at- least: as effective as cimetidine 600 mg twice a day in suppressing gt

_aetivities after '}{reakfast, O‘Verni_ght and over the 24-hour period

. » ‘ ¥ ‘ o
(Figures 1-4). Although the mean pH values were si\mila_r in these two
'S

‘treatment regimens, pH readings remained > 4, O for 1onger periods in the

‘C\ \

'Er}prostil 35 - meg bid than in -the cimetldine group,. both -during the

A

daytime and during the nighttime (Figure 3). .- -
‘ | ¥

i1, a dehydro—prostaglandin E,, is a potent“ent,isecretory'_

.

Ny,
PR

€

. ‘,',.,l? 3 ':“f’

=0
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A single dose of anrostil 35 meg gilven at 20:00 hr onlv had

effécts on Lntragabtrig pH from 3.5-6.0 hr after dOblng. The effcct of
Enprostil 35 mcg bid on the daytime pH was striking up to 6 hours after
the"morning,ﬁdpse, although. in some patients there was an additional
effect on pHivalues until 8.5 hr after the ;being. After‘the evening
dose of Enprostil 35 mcg bid, the effect on intragastric pH nersisted
throughout the nighttime; The duration of action was even more
prolonged with a higher dose: when the nighttime dose was doubled to 70 <
neg, the‘effect oi intragastric pH lasted 13.5.hours, but the nocturnal a
- pH values were not significantly different than those of Enprostil 35@&‘
mecg given twice daily. The g/a;time pH values were also higher in the;
¢ &

Enprostil 70 meg hs group, but only for~ the first hour after”

breakfast. These results suggest that Enprostil suppresses intragastﬂic

e -

ut activities in a dose;dependent manner, but that the duration of

1

. W R ey
* action igﬁfhfluenced&both by é&w%dose Qf medication and- by the frequency
- B ' P w“~1 o *l«\‘
N . | )u 3 &Y o & s 4
-of do%ﬁng. -~ The explanation %fbr this carry—ovena_effect when the

medication is given in divided doses has not been established in this

P

study. 'Clearly, Enprostil<35 mcg bidwis auperior to the other regimens,

as it exerts a prolonged effect on. _ both during the daytime and during

the nighttime. : -y e -

Coa é}The serum gastrin response to a meal {is under the influence of

vagal stimuiationlag gastric distensionls, and the presence of food in ’
‘the stomachl®. “ Food—-stimulated acid secretion is"partiy under the :
contrcl ofgastrin16 ihe pH remained between I.5:3.3lin'the“placebo—'
treated group, with only ttansient elevation of pH for a short duration

PR

-

after each meal, possibly due to the buffering effect of food. The

ST v

Eh

gastrin response to a meal is thought to be at least part}ally ander the
,-2:?

“orily s

s

7



"

"desplite” the: presence of marked gastric acid suppression. Furthermore,

le8

negative feedback control of gastric acidity1 .

Thus, it was not

surprisingwthat the higher gastrin response‘afte;'eachvmeal‘was observed‘
) , / .

in the cimetidine—treated‘patients whose intragastric gt activities were

suppressed after meals. However, {t 1is 1likely that cimetidine and

Enprostil i{influence gastrin levels by some mechanism(s) In addition to

their effect on intragastric acidity, since these medications aitered'
L

L B

the H+/gaetrin ratio (Figure 6). S % y :
‘ . N M F) )
‘ ' to was«rsuppressed :

Interestingly, the gastrin response a meal

markedly for a 2.0 hour period after breakfast by Enprostil .35 mcg bidl

1Y

the gastrin responses were lower in all Enprostil groups as, compared to'

' cimetidine groups after the nighttime dose of medication. This suggests

RPN 6

‘that Enprostil has | an@ﬁgastrin properties, in addition' to. potent

the effects of different forus’ of prostaglandins on serum gastrin

‘inhibiting Cyclic—AMP format:ior.i(is’19 ,but ‘the mechanism of.the effect of

defensive factors rrelated \tO'; muc sal

antisecretory properties. Previous results have been conflicting as to .*

_V\L

concentrationz’3 4 ' The effec&mon gastni1 may be related to the - type of

i

'prostaglandin or. to the route of its admin%stration. Prostaglan%in'is

. : v : [
believed tOt;decrease _gastric _acid secretion: from parietal cells by

€

prostaglandin inhibition of gastrin release in response to food is

»

unknown. It fs uncertain from this study what proportion of) the

prostaglandin—related’ inhibition rof acid secretion’ 1s due _to*zthe
¢ .

blunting of the food—stimulated gastrin response, or_tb a direct\effect

et .
on acid production and release. : o » 'Z : a '

- The development of a peptic ulcer is believed to occur when there"

is an imbalanoe between the aggressive f/ctors of aCld and : pepsin, and

- '

i '3
resistance and 'mucosal z;&t
\ g : S ‘ tg
4 . . : ‘
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protection.  Several prostaglandins have a "gytoprotcctive” property

unrelated to -gastric acid_inhibitionzo. The mechanism of this mucosal

defense . pas not been established, although it may relate to the

. ‘ . . 7 :
_properties of prostaglandin 1in enhancing mucus and bicarbonate

production, - strengthening .the  mucosal -epithelial junction, ancfi«,i':é'

increasing wmucosal blood flow. The antisecretory -and. antigé%triﬁ? Y
properties 6f'Enprostil suggest that this prostaglandin may prove to bé
beneéficial in the healing of peptic ulcers. ' "
aw : . o ‘ - .
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Times

Table 1

TRIAL PROCEDURE.

" Procedure Sampling

19:

07

08:
:30

08

ld:

12:
14:

17
20:
20:

22:

08:

00

:00

00

30

30

30

:30

00

30

30

00

admitted to metabolic ward
medication given at 20:00 hr
NPO after midnight, water ad libitum

NG tube placed under fluoroscopy,
0.9% saline infusion

medication

breakfast

morning snack

lunch . . : gastric pH
’ measurement -every

30 min from 08:00

afternoon snack ’ to 24:00 hr.
bloqd drawn every

30-60 min after
supper each  .al

medication
bedtime snack

optimal bedtime snack

encouraged to retire

last gastric sample taken gastric pH
. i measurement every
NG tube and IV infusion removed 60 min from 24:00
E : to 08:00 hr.

blood drawn at 4
 hr intervals
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. wh ® Enprostil. 35mcy hs
4.97 y O A Enprostil, 76mgg h
Lo N prosul. m¢g hs
40 o A7 \\A* * p<005. compared .[O olaceb'(?\
351
pH
3.0 7
2.5
2.0 -
. 1.5 T Y T T T T T T T
0 2 4 8 10
Hours After AM Dose
08:30(Breakfast) 12:30(Lunch) 17 30(Supper)
\
Figure 1. Mean intragastric pH values during the daytime +(08:00-

- 20:00).
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Placebo
¢ Cimetidine. 600mg bid
AN Enprosul, 35mcg bid ‘ .
® Enprostit. 35mcg hs
A Enprostil 70mcg hs .

5.0

+ 09<0.05. compared 10 placebo

Figure 2. Mean‘intragastric~bH“valdes during the nigﬁftihe (20:00- -

G
08:00).



a) Day (8:00-19:30)
*  —o-Placebo’
-o- Cimetidine 600mg bid
-a- Enprostit 35mcg bid

—e— Enprostil 35mcg hs
— Enprostil r70mcg hs

100
N

80—

60—
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100~
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20—

Figure 3. Cumulative 'percentage'a of p readings at or above pH.

values from 1.0-7.0  a) daytime, b) nighttime, c) 24-

hour oL
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= Placebo
241 Cimetidine 600mg bid
?O: , B2 Enprostil 35mcg bid |
| L - B Enprostil:35mcg hs L 1
Enprostil 70mcg hs . ;f
1 s 8= §
N 1 N
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= — N
= = \
i = CR A3 = %
Lunch Supper Nighttime 24 Hour
: 9:00- 13:00- = 18:00- 20:00-
y 11:000 1500  20:00 8:00
~ Figure 4. Mean 1intragastric hydrogén-ioé activitieskafter'meals,

' overnight and over 24 hour period (mmol/L).
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Time After First Dose of Medication (Hours)

Figure ' 5. Mean ‘seruﬁ: gastrifi concentration over 24 hour period

(ng/L).
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: \ ' -o-Placebo .
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—Enprostil 35mcg bid

—Enprostil 3v5mcg hs
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Figure 6. , Ratio of H* é_nd sér;.un gastrin.concentration. (H‘f‘/\G) over, '
24 hour péi‘iod.
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SUMMARY

;ncreased gastric acidity (H) may be important in the pathogenests.
of déodenal ulcer (DU). fhe role of H' in gastric ulcer (GU) is less
well defingd. This study was undértaken to determine: ‘l) the Zg—hour
intragastric .pH ang/gastri; (G) profiieS’iﬁ 31 bU, 8 GU and ? healthy
;olunteer suﬁjécts (N), and 2) the effect of cimetidine 600 ;gfbid (c)
~on thesé”measurementé. The baéal acid output (BAO) was higher in DU and
lower in Gg than in N th there were conéiderabye ove;laps; thus'th;re
was  no stat%stical differenée between thé meaﬁs. In re&sponse to
'pentagastrin, thé peak acid output (PAO) was signiéicahtly hiéhér in DU
thaq_that of GU or N. = There was no difference begween intragést%ic gt
aétivities\afEer meals, overnight and over the 24-hour éefiod in DU, GU
':éndAN. ‘Howevef, the pH v;lues :émainediat or above.A.O for a ionger
period during'the.ﬁight in GU than in DU'ér N.- There yasiﬁo difference
“in ;he_basal}G concentration in all subject groﬁps bug the postpfaﬁdial
G response after ééch meal was higher in GU than in DU and in DU than in
~ N. In :GU, C was associated with HT subpression éfter all meals and
»overgight, whereés*in DU and N, C éuppressed wt only after brea;fast and
overnight. The G- rESponée to - food was .enhanced by C to a greater
ﬁagnitude in DU and,GU than in N.A In N, the ratio of HT:G was higher
thantin DU or GU but‘waslﬁuppresééd only~miniméll§ by C whereas marked
.‘suppréssion 6f_Hf:G'Qas oﬁserved in DU and GU with C. Cihetidine is
.effeigive ‘in  H+‘ suﬁpréssion' in all subject groups and méy alter the
sensitivity of parfetal'celb to‘gastrin. » e

Iﬁ'summary, patients with a past history of duodenal 6p‘gastric
‘ulcers differed frém normal volunteers in their food-stimulated gastrin

response, and in their gastrin-response in patients taking cimetidine.



183~

Cimetidine also accentuated the difference in H+:G between DU or GU hnd

4

N. In view oi these differences in gastrin response to food, but not {in
thelr fintragastric pH in response to food, {1t 1s suggested rhat
defective control of or response to gastrin may be more important than

the intragastric activity in the pathogenesis of acid-peptic diqease.‘
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INTRODUCTION
There are many abnormalities which may be {mportant {in the
pathogenesis -of duodenal +and gastric ulcer disease (1,2). _The role of
gastric acid in the pathogenesis of duodenal ulcer (DU) 1is generally
accepted. These patients tend to have higher stimulated acid secfetion
in respoanse to food and secretagoéue than normal subjects (3,4). The
defective feedback control of ~gastric acid on gastrin .release may be
responsible for the higher gastrin response to food.in duodenal ulcer
patients (5). The role of gastric acid in gastric ulcer (GH) 1is 1es§
well defined. The acid secretory cépacity hgs been shown to vary
. depending;;n the location of the ulcer and its associakion with duodenal
ulcer (6,7). However, one of the apprqgches to the therapy of gastric

ulcer has been aimed at the reduction of gastric acid. Gastrin

coﬁcen;ratiqn has been reported to ﬁe higher 1in some gastric ulcer
patients than in normal subject (8). This higher géstrin concentration
may be related to lower intragastric acidity or to igcreased G-cell
sensitiYity'pr stimulation.as,a result of delayed géstric emptyling in
gastrlc ulcer as coﬁ;ared to normai subjects (9).

Cimetidine has been shownlfo be beneficial in_the healing of both
duodenal %lcer and‘ gastric uléer (IO,ll). Our previous study showed
th.. c.-etidine 600 mg given ‘twice daily suppressed the 24-hour
ir ragrstric acidity and eﬁhanééd gast-in -a2sponse to food in patients
with ins:tive duoudenal ulcer -disease (12). - Howevef,, the 24-hour
intragastric concentrations and the effect of cimetidine on these
measureméngs have not hbeen reported in patients with gastric Qlcer

disease. Accordingly, the present study 'was designed to: 1) compare

. 24—=hour intragastric pH and serum gastrin profiles in patients with

«
-



)
or
duodenal or gastric ulcer disease, and in normal subjects ‘and 2)

determine the effect of cimetidine 600 mg bid on these measurements in
the three subject groups.
MATERIALS AND METHODS |

The study .population consisted of 31 subjects with inact?ve
duodenal ulcer disease, 8 subjeéts with Inactive gastric ulcer disease
and 7 normal subjects. Only 23 out of 31 duodenal ulcer subjects were
‘randomized.to cimetidine 600 mg bid and placebo treatment. A double-
blind, cross-over study was used in which each subject received
cimetidine 600 mg bid and placebo for ome week each. Each subject was
hOSpitalizéd on the last day of the treétment week over 24-hours for

. -

intragastric pH and serum gastrin and drug level measurements. The

other 8 subjects with duodenal ulcer were studied after the placebo

’
/ .

treatment as part of other studies. All Pﬁtients with either du;denal
ulcer or benign gastric ulcer previousl?dﬁocumepted on upper éndbscopy
were found to have healed. They were not recelvng medication ét the
time of the study. None of them had previous vagotomy or gastric
resection for thelr ulcef disease. They were free of other significant
sys;emié diseases. All normal sujbects were free of gastrointestinal
cogplaints including peptic uiéer symptoms - and none of them had a past
gistory of gastrointestinal disease. Endoscopy was not performed on
these healthy volunteers. .

Descriptive characreristics of each subject group are shown . in
Table 1. There were 19 males and 12 females in the duodenal ulcer
‘~group. Their mean age was 41.6 % 2.4 y;ars (range 23 -~ 67 years). The

mean duration of disease was 4.9 years. There were./ females and 1 male

in the gastric ulcer group. Their mean age was 48.3 % l4.7 yearé (range
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r
19 - 64 years). The d@an duration of disecae was 7.1 years. The ulcers

were prqvtously located in the gastric antrum in 6 out of the 3
patients. Only 2 patlents had ulcer in the body of the stomach. Only 1
patient was’taking e;tessive aspirin during the time gastric uicer‘was
previously diagnosed. None of the patients were taking ulcerogenic
medication at the time of study-. Eleven subjects with duodenal ulcer
were smokers whereas 5 gastric ulcer patients and. 1 normal subject
smoked. There was‘né change 1n the patients' smoklng habit duriﬁg the
study period. None of the subjects abused alcohol. Physical

examihation, hematological and biochemical tests of each subject
. . \

~

remained normal during the study period.

Before entry dinto the st;dy, all subjects had a Buntagéstrin
stimulation test (6.0 mcg/kg subcutaneously).

The project was appro&ed by the Ethics Committee of.the Department
of Medicine, Unilversity of%Alberta, and informéd consent was obtained

from each patient prior to the study.

" TRIAL PROCEDURE .

On the 1last day of gach treatment week, patients were admitted at
7:30Ma;m., after an ovérnight fast. A striét protocol was then folkowed
(12). A'nasogastric tube, size Fr. 14-16, was passed and positioﬁed in
the most dependent part of the stomach under fluoroscopic control.
Intravenous line was established with 0.9% saline solution at a rage to
keep vein open suffleient to allow free sampling of venous blooa'for

serial determinations  of serum gastrin and serum cimetidine
[ ' b .

concentrations. .The standardized meal ‘similar to our previous sfﬁdy‘

(12) was provided so that identical caloric intakes énd proportions of
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macronutrients were consumed by each subject during the study periods.
Patients were @&ncouraged to refraln from alcohol and smoking but 1{if the
patient countinued to smoke, the number of cigarettes consumed were

recorded on the study day. Vital slgns were monitored during the study

period and all subjective symptoms were recorded.

INTRAGASTRIC pH MEASUREMENT

|
Gastric samples 1in the amount of 5 ml were aspirated every 30

\
\

- , \
minutes during the day and every 60. minutes during the sleep hours. The
v ‘ \
\
pH of each gastric sample was measured to the nearest 0.10 unit using a
combined glass and reference electrode and pH meter. The pH\@lectrdF‘

A
was. calibrated with standard buffer of pH 2.0, 4.0 and 7.0 before ¢

batch of measureﬁents. The samples were then retupned to the';;omach
content to ensure complete absorption af the drug. \

The pH values were _plotted over a 24-hour period in subjects
treated with cimeﬁidine and placebo. The cumulati?e percentages of pH
readings at or above pi 1.0 - 7.0 were calcﬁlated “in all treathent
groups. The cumulative percentages oﬁ pH readings > 4.0 wés chosen as a
"point ‘of ;omparison between the treatment groups as peptic.éctivity is
markedly decline at pH 4.0 (13). |

The result of each pH measuremenf was converted to hyd:oéén i6n
activity (H+) uéing‘ standardi table (14) for analysis. Tﬁe effect of
cimetidigg on H+ in all subjéct gfoups was detérmined éver a.specific

period after each meal, overnight and over 24-hour period.

SERUM GASTRIN CONCENTRATION

Blood samples were drawn every 30 minutes over a two hour "period

I3 -
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afﬁer each meal and aﬁ two to four hour intervals‘ during the night.
Samples were centrifuged and separated immediateiy, then stored at -4°C
for further determinations of serum gastrin concentration. A commercial
radiolmmunoassay kit was wused Lo measure serum gastrin concentration.
The antibody emploved neasured both G-17 and G-34.
R ;o

The total poitprandial gastrin responses over a four houf_péri?d

were calculated by obtaining thé total area undeF' the cﬁrve vfrom

.

mealtime to four hours after each meal using the trapezoidal rule.

STATISTICAL METHOD
®

The mean intragastric pH and gastrin concentratiouns were calculated

\*_—vf;/}n"géchk‘subjeqt groﬁp when receiving cimetidine or placebo. Mean

intragastric H" activities converted from pH values at .specific time
péfiods were compaped vusing analysis of variance' to determine the
l différende between groups. (Thé- effect of cimetidine in all subject
'gfqpps were compared by édjusting to the placebo values. The F-test was
applied at tﬁe 5% level of significance to determine the  overall

" difference. The pairwise difference was tested using -Student-Newman-

Keuls test when there was ove;all difference.

RESULTS.'
1) Basal and Stimualted Acid Output
, V Thefe were marked .variations of basal acid output (ﬁAO) in 31
&péﬁienﬁs with DU,‘ranging.frOme.lvto 43.0 mmol/hr (Figure 1). Ten out

v

of 31 subjects with DU had BAO higher than 5.0 mmol/hr. The mean BAO in
patients with DU, was 6.0 % 1.5 mol/hr (Table 2).. The mean BAO in. 8

patients with. GU was 0.8 + 0.4 mmol/hr with the range of 0.1 - 2.5

- . l
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mmol/hr. None of the GU patients had a BAO greater than 3 mmol/nr. The
mean BAO in normal subjects was 3.0 % 1.7 mmol/hr, and only 1 volunteer
had‘a BAO greater tnan 5 mmol/hr. Due to overlaps of BAO in DU, GU and
vnprmal subjects, the differences in BAO 1in three subject groups faiied
to achieve statistical significance.

In response to pentagastrin (6.0 mcg/kg, subcutaneously), the mean
maximum acid output (MAO) in DU group was 41. O + 3.1 mmol/hr (rable
- 2). The MAO was higher than 35.0 mmol/hr in 16 out of 31 (52%) of the
subjects with DU. The mean MAO was higher in DU subjects than in ndormal
subjects, with counsiderable overlap tetween‘patients with DU and normal
sub jects. The difference failed to reach a statistically significant
level. The MAO in patients with GU overlapped with' the values in normal
subjects (Filgure 2); However, the mean MAO was significantly lower in
GU subjects than in DU subjects. The mean peak acid output was
significantly higher in patients with DU;than in.patients with Gé or

normal subjects (Table -2).

2) Twenty-four Hour Intragastric pH Profiles and gt Activities

In the 7 normal? subjects, the nH Valuesbranged between 1.7 - 3.0
during ther_24—hour period when treated with piacebo (Figure 3). In
sub jects w;}h DU, the 'pH values fluctiated between 1.7 - 2.9 over the
24-hour peri;ds, with the mean pH of 2.2t 0.7 during placebo treatment
'(Figure 4}).. The pH values varied between 1.2 —'3 9 in the GU subJects'
treated with plaeebo (Figure 5). | .

During the 24- hour period, only'Z.SZ of the pH readings remained at

or above 4.0 in the normal subjects treated with placebo (Table 3).

'Following placebo treatment, the percentage of pH ‘readings > 4.0 was

i
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numerically higher in patienés with GU than ﬁatients with DU, whose
values 1In turn were higher than in normal subjects. = lowever, the
differences bééweén aii grbups were not gtatistically significant.
During the daytime period the percentage df pl readings 2 4.0 was
sihilgr in all groups. ﬂ\ring the night, the percentage of;pH readings
> 4.0 was significantly higher in subjects with Gﬁkfhan in DU éubjects
_or normal subjects. The percentages of pH readiné§ 2 4.0 during the
night were similar in DU subjecté'and normal subjectsi

‘The mean H' activities over the 24—hour period was 16.14 £ 1.75
mmol/L, in sﬁbjects with DU treated Qith placebo (Figur% 6). This value
was not statistically différqng'frOm the 24-hour mean%H+*aqtivities in
either placebo4treated‘gdstric.ulcer subjects or placebo-treated normal
Aéquects. 'Similarly, the H" activities afﬁer each. ﬁeal were not
different . between each subject group preated with placebo. ' The ﬁ+
activities were numefically highest after breakfast and‘dufing-the night
in all groups. - |
3)“‘Serum Gastrin Concentration

The mean baéal gastrin concentration was 24.3 £ 3.4_ng/t in dormal'
subjects treéted with placebo (Table 4). The mean basal gastrin
concentration was numerically higher,in Gﬁbpatienté treated with:piécebo
‘than. in normal subjeéts (49QOi-t 9}4 ng/L vs 24.3 % 3.4 ng/1. This
difference. was‘.nét statisticglly sigﬁificént.- ‘The. value of,.the Ameah.

L gastrin'concentratidn was intermediatg betwéeh théée:v;lues in Ehe

:ients following placebo'treatment (37.5 ¢ 3.3 ng/L);

‘ter each meai the gaétfin épncentfatidn rosekappro§imately~l7oz

>

1 suhjects and 2107 in patients with DU or GU follawing placebo
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treatment . The average pcak‘gastrin concentratlon in normal subjects
wasv66.T + 8.7fng/l (Table 4). The peak gastrin concentration after
each meal was numericaliy higher in both DU patients and GU patients
than 1in normal subjecte, with the mean-peak'gastrin concenérafion of

117.0 .+ 2.3 ng/L and 150.8 + 15.6 ng/L in‘DU subjects aednGU subjects,
respectively. The gastrin responses calculated over ‘a 4 hour period
after each meal are shown ie Table 4. After each meal, the gastrin
response was higher in DU 'patients and GU patients than ' in normal_
subjects. The difference between ‘the DU group  and normal subjects was
Significant only after breakfast (p < O. 05) The gastrin responses were
significantly highet .in the GU patients ‘than 1in normal subjects efter
all meels. The gastrin responses‘éfter eech meal was numerically higher

in GU patients as compared to DU patients but only the difference after

supper was significant (p < 0.05). ‘

4) Effect of Cimetidine on Gastric Acidty and Gastrin Concentration
The effects of cimetidine 600 mg bid oﬁ’gastric acidity and gastrin
eoncenfretion were studied in 23 DU patients, 8“GU ratients and 7 qormai
subjects. In all subject groups cihefidine was aeeocfated.dith higher
.pH values when compered to the placebo—treatea velues (Figures:3 - 5.
‘Adjusted.to the placebo.values the effect of cfmetidiee 600 mg bid
on intragastric,pH ralues .were similar after breakfast, after lunch,
'overnight and over a 24 hour period in all SubJect groups (Table 5).
.After supper ‘the effect of cimetidine on intragastric pH was greater in
GU patients than those in DU patients and in nermal subJects (Table

S), Cimetidine suppressed ut activities after breakfast, overnight, and

-



) 192

over a 24-hour period in normal sub jects (Flgure 7) and in DU subjccts
(Figure 8). The ut activities were suppressed at all time periods in GU
subjects (Figure 9).

The gastrin ;oncentration increased slightly with cimetidine: after
breakfast’ and lunch 1in normal subjects but the diﬁferehce of gasﬁrin
res;onse after each meal was not significant In this normal sub ject .
group when treated with cimetidine or placebo (Figure 10). The .gastrin
response after each meal was greatly enhanced by cimetidine in DU and GU
subjécté (Figures 11, IZ). The diéference of postprandial gastrin
response betweenvthé cimetidine—treated group and the placebo;treated 
group was signif¥cant after breakfast in DU and GU suﬁjgcts;

c) Relationship of H+'Activities and GastfinﬁConcentration

In all suﬁjgct grpubs, the ratip of the HT activities and the serum
gastrin.concentration (H+/G) fluctuated aftef_each meai when the plaéebo
'was given (Figufe_l3, 14, 15). .The values tended to be higher in ndrmal
subjects than in DU or- GU patients. The ratio of ut/c thfoughout;the
24-hour period was mérkedly suppressed by cime;idiﬁe in both‘GU and DU

subjects (Figure 14, "15). The ratio of H+/G was suppressed by

cimetidine oﬁly after breakfasé in the normal subjects (Figure 13).

.
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DISEUSSLION
There 1is evidence to support the role of gastric acid 1in the
pathogenesis of duodenal ulcer. Gastric acid secretion in response to

gsham feeding has been shown to be higher in duodenal ulcer patilents than

)

in normal controls (15). Increased acid secretory/ responses . to
\secretagogues may be related to increased sensitivity d//parietal cells
to stimulation or greater number of parietal cell mass in duodenal ulcer
patients (16,17).‘ Increased duodenal acid load related to rapid gastric
emptying is another possible mechanisn in the pathogenesis of duodenal
ulcer (18). Reiationship between intragastric‘acidity and.intraduodenal
acidity has been previously’ shown (19). |

The role of the gastric acid in gastric ulcer is less well defined
than_that of duodenal ulcer. The,acid secretory capacity in ‘gastric
ulcer- varies and thus may depend on the site of ulcer (6). However, the
‘presencerof low. acidity does not totally exclude the role of acid in the
fornation of‘ gastric ulcer. Increased HY back diffusion through the
damaged mucosa may lead. to loss of intraluminal H* (éO)Q 'Tﬁe
concomitant gastritis may lead to impaired'acid secre: Yy capacity in
!gastric 'ulcer ~patients. Finally, - the increased refluzed duodenal
contents in gastric ulcer patients wmay provide sufficient neutralization
of gastric contents (21, 22) . The role of gastric acid is suggested byi

the fact that ulcer ‘rarely occurs in the presence of achlorhydria or in
patients with pernicious anemia (23,24). Furthermore, acid inhibition
by an HZ ‘blocker is assoclated with the healing ofibenign gastric ulcer
(10" .

In this study, we found marked variations of BAO 1n duodenal uicer

patients, with 10 out of 31 duodenal wulcer patients ‘had BAO > 5.0

o
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mmol/hr, whereas only 1 out of 7 noznal subjects and none of the gastric
ulcer'patients.had BAO > 5.0 mmol/hr. Acid secretion in response to
pentagasttin. tended to be hlgher in duodenal ulcer subjects than in.
'normAI subjects anq was significently'higher than that .of gastric ulcer
subjects (Table 2). The MAO was > 35.0 mmol/ht in 16 out ot 31 duodenal
‘ulcer patients, whereas 2 out‘ of 7 normal patients and 2 out of 8
gastric ulcer patients had "MAO valnes exceeding 3§.O mmol/hr. This
suggests that the basal acid secretory output 1s higher than nornal
control in a cgrtain subgroup of duodenal ulcer subJects: In contrast

basal acid oﬁ(gwg in gastric wulcer patients is similar to normal’
subjects.. This study was performed in patlents with inactive duodenal

or gastric ulcer. In DU, acid secretion decreases with the activity of
3 v , ,

the  ,disease '(25). The increased H' diffusion or impaired .gastric
secretory capéclty from the inflammed“tlssue during theagépte injury may

.lead to lower intraluminal 8" in GU patiente. Howevei: this has not

‘been oescribed in duodenal ulcer patients.

Intragastric pH monitoring has been a useful technique to neasure
the_effecte~of dlet and drugs on intragastric pH over a ptolonged_petiod
under physiologfcal conditions. closest jto neal‘ life (26). Clinical
responses to antisecretory agents 1in patients with Zollinger Ellison
.syndrones have been shown to telate with their effect on 24-~hour
.intrageetric”pﬂ k27)f By ;:ing this technique, it is not possible to-
-lmeasure the total ‘acid secretory volume or acid output over ‘this_
prolonged period with the presence of food in the stomach. This study
suggests the similarity of intragastric pH profiles in subjecte :with

duodenal ulcer, gastric nlcer and normal subjects.' The HY activities

after each meal, overnight and over sthe '24—hour_ period were ‘not
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different between the three subject grqups. However, the intragastric

r
pH remained above 4.0 for a longer period during the night in gastric

ulcer group than that of duodenal ulcer group or normal subJect group.

There was a similar diurnal variation of gastric acidity with the

highest values after breakfast and during the night in all three subject
groups. z

¢

It 1is not certainiwhether acid con entration‘or acid.volume is more
important in the formation 0f peptic'u cer.-.Indeed ‘the very idea of
'acid in the etiology of ulcer disease has been challenged (28) In
spite of the generally. accepted role of gastric acid,,this study failed

to confirm increased B 'activities in dlodenal ‘ulcer or decreased H

activities in-gastric ulcer as compared tio normal subjects. - Thus the
differences . between groups of patients is \in basal ot stimulated acid
output and not in acid concentration. It may not‘ be appropriate to

assume the clinical significances of BAO,"MAO in the pathogenesis of
peptic ulcer disease. Gastric acid may only play a’permissive role ‘in- .

peptic:ulcer disease. It may allow the»pepsin tb be activated ‘and céEsei

damage to mucosa. The abnormality of pepsin secretion and - its role in-

n

‘ulcer formation have not been fully elucidated. Pepsinogen I has been

shown to be increased in Bome‘duodenal‘ulcer,patients‘and their family‘

members (29,30)!’ The reduction of'gastric'a;idyby;antisecretory'agents'
- in peptic ulcer Adisease will’ decredse peptic activity (13) mThisibi
'gastric acid suppression may only be an indirect ~measure  in treating‘
pepticvulcer disease. » | | , ‘
Ulcer is believed tvoccur when there 1is an imbalance between t;e'

aggressive factors of acid, ~and pepsin,'iand ‘the mucosal defense

 mechanisms. SeVeralffactors areiimportant}in maintaining the mucosa
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protection, including gastric mucus, unstirred water layer, bicarbonate
secretion, gastric mucosal epithelium, mucosal blood flow, and mucosal
metabolic function. SeQeral medications are beneﬁicial in the healing
of both duodenal ulcer and gastric ulcer by their actions 1in improving
mucoéal defense '(31,32). ' However, it 1s not Rnown which of thes:
faétors'-in mucgsal defense 1s impaiged in peptic ulcer disease.
Prostglandin may be “important in protecting the gastric mucosa through
several ~mechanisms. It igl also _interesting to spéculate ’that the
prostaglandiﬁ sécretion in the dﬁodenum in response to an acid load may
beximﬁaired in du;denai ulcer patients (33). In this study, the gastrin
responses to food were higher in both duodenal ulFér and gastric ulcer

I

as compared to normal subjects. . "In fact, theﬁe was a tendency of
. I !

gastrin responses to he higher in gastric ulcer than in duodénal'ulcer
L

in  this study. “The lower H':G ratio in patients with duodenal and

. - . '
gastric ulcer subjects as compared to  normal subjects suggested the’

decreased sensitivity of parietal cells to secrete acid in response to

[y

endégépous gaétrin in these patients or the defective feedback control
~ﬁechanis§ of gastric acid omn gast;in release. This does not correspond
with higher éensitivity of aéid secretion to exogenous pentagastrin in
.duédenal’ul;ér'patiezts. :

When .the effect of cimetidine 600 mg,bid Qas studied in all subject
.groups, §+' activity supbression' was obtained after preakfast and
dvérnight in duodenal élcér and normal subjecté, whgreas.suppreséion of
vaactiQi;y was’observed after all meals and during-ghe ﬂight in gastric
ulcer ﬁa;ients.; Tﬁe longer effect of acid suppreséibn by cimetidine in

gastric ulcer sdbjects'cAnnot be explained by the difference of gastric .

' acidity or serum gastrin concentration as compared to duodenal ulcer
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subjects or normal subjecés. Fongstimuratéd gastrin response was
enchanced by cimetidine to a greater exte;t in DU and GU than {in normal
sub jects. The ratio of H':G was markedly supprcssed_hy cimetidrie in
subjectg'with duodenal Llcer,and gastric ulce; but.minimally"suppresﬂed
in normal subjects. Cimetidine thus accenﬁha;ed the differeaces if the
food-stimulated gastrin respoﬁse and in HY:G between patients w'th DU or
GU and normal subjects. It 1is possible that an H, blocker may have an
effect on the sensitivity of the G—cell‘to produce gastrin in peptic
ulcer patients, in addition to 1its acceRted effect on the parietal cell.

Gastric (acidity may only play a pe;missive role in' peptic ulcer

. ‘ ‘\_/—\\ ’ L -

disease. In order to prevent the occurrence or change the natural
history of the disease; the primary etiologles need to‘ be defined.

Further studies are needed to determine the other etiologic mechanisms

in peptic ulcer disease such. as defective mucosal defence or altered

pepsin secretion.

v » ' o <
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Table 1. Characteristics oé\Subjects

202

Gastric Uléer

i o Normal Subjects Duodedal ulcer’
n =7 a n = 31 n =8
. v
Age (yrs) mean & SEM  23.4 % 1.8 41,6 % 2.4 48.3 & 14.7
Sex (male:female) : ‘ 3:5. L 19:12 1:7
- Smoking (no. of patients) : 1 L 11 5
/

-
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. '}
Table 2. Bas’a‘l‘a‘nd_Stimulated Acid Oiitpu_'t,"me_an + SEM .
o . , o N
il \
Normal Subjects  Duodenal Ulcer - Gastric.Ulcer ~™>
. ' * . [
- n=7 ' ‘h.="31 . n =38
ST
'BAO (mmol/hr) ’ 3.0 £ 1.7 6.0 1.5 0.8 & 0.4
MAO (mmol/hr) . 28.0 £ 6.0 41,0 & 3.1 20.7° + 6.3t
PAO. (mmol/hr). 22.9 £5.5 . 37.1 % 2.6% . 19.4 & 6.3%
* p < 0.05, compared to noma'i sub jects -
T‘.p < 0.05, compared to DU ~ ‘
‘.
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Table 3. Cumulative Percentage of pH Readings (%)

At ‘or Abovqu.O During the Day, During the Night

" and Over the 24-hour Period Following

Placebo Treatment, Mean * SEM

Normal Subjects

Duodenal Ulcer

Gastric Ulcer

n =7 .n'év3l n =38
24-Hour Period 2.5 % 1.8 4.3 1.0 9.4 & 3.7
- Day (0830 '~ 2200) 3.6 % 2.6 3.5 £ 1.2 4.0 % 2.7
'Night (2230 - 0830) - 0 5.6 £ 1.8 21.9 £ 9.0%t

.—:* p < 0.05,. compared to normal subjects

t p < 0.0S; compared to DU

Y
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¢
'Table 4. Serum Gastrin Concentration and
Postprandial Gastrin Responscs Following
Placebo Treatment, Mean + SEM
Normal Subjects Duodenal Ulcer ‘ Gas;ric ulcer ' .
a =7 . n = 31 n =38
Basal:gastrin . S 2433¢3L4 | 37;5i3.3 . 49.0+9.4
concentration (ng/L) : ' o
‘Peak gastrin = C L 66.748.7 117.042.3 150.8%15.6
concentration (ng/L) o ; ' ' o
Postprandial gastrin responses T .
Breakfast ' - 1963.9+563.7 3703.44348.3*%  4581.14769.1%
(0830-1230) - S .
"Lunch - o 2327.07%277.3 4160.1+419.7 5828.04+1044 .3%
(1230-1630) . , S
‘Supper. - 2643.8£279.6 ~  4132.9%372.1  6510.5+1322.2%t

(1730-2130)

* p < 0.05, compared to normal subjects

t p <. 0.05, éompared'to DU
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" Table 5. Mean Intragastric pH Values After Meals, Overnight

‘and Over 24-Hour Period When Cimetidine 600 ng bid was Administered

Normal Subjects Duodenal Ulcer Gastric Ulcer

n =7 n = 31 n =38
Breakfast (0Q900-1100) ~ = 3.47 - : 3.74 . 4.18
Lunch (1300-1500)  2.90 2.95  3.79
Supper (1800-2000) 2.63 2,43 3.39%¢
‘Overnight | : 3.31 3.67 3.31
- \ . |
24-Hour 2.87 3.8 - 2.87.

(=3

~All pH values were adjusted to the placebo pH’Galues.
* p < 0.05, cotmpared to normal subjects

t+ p < 0.05, compared to DU

<
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600 mg bidvand placebo.

35

W



[ 8]
b
r

P4 Duodenal Ulcer (n=31)

L] Gastric Ulcer (n=8)
201 Ed Normal (n=7) ;
1 :
. g ;
— 2
_J
~ 157 é . 75 AT A
[s fI . g ; %lg-
S Zn% /i.-: 1
E / -:- Y % _:‘ / [
= 7ZB% SRR Za%
+ 107 1 F f L ZE% % -
T ZR% O ] Z A
/ E / e / L / b / -
(7 -] 1 - A -] S YRS
L] 2l SRR Ak S
o 2l SRR o L IR
— / / - / h.d / ol / --4
5 2 2l ZBR B ][]
/ / e ® / b:- / "'. / .-
) L1 k- oA b ‘ o - 2
g 2R 1 F ZBs 2
Zh% Zh= 7B % Zas
. [ b ’/1 % ::‘ 788
/Breakfast Lunch Supper Overnight ~ 24-Hour
{(8:00-11:00) (13:00-15:00) (18:00-20:00) '
" Flgure 6. Mean intragastf{g\H+“ac;ivitiés after meals, overnight and

over 24-hour perjiod in patients with duodenal ulcer,
gastric wulcer . and norwal subjects when placebo was
administered (mmol/L), mean + SEM ’

RS B



20 ] Placebo,
: » Cimetidine
. 600mg bid
F-[- n=7
o 15- E
s T 1
= . : . :
E \
T 104
C
[q]
©
=
5-
! Breakfast Supper " 24-Hour
(9:00-12:00) (18:00-21:00)
i - Lunch . Overnight
* (13:00-16:00)
Figure 7. " Mean intrégastric H'*' activities after meals, overnight .and

over 24-hour period in normal subjects (n = 7) treated
with cimetidine 600 mg bid and placebo (mmol/L), mean +

9 R

[ K o



RN

214 ¢

o

4 Plagegbo
P2 cimetidine 600mg bid
n=23
204 T
T

154

S

©

E -

E

+ 104

T

[l

(4]

@

=

T 54

‘0 Breakfast - Supper . . - 24-Hour .
(9:00-12:00) (18:00-21:0Q)
Lunch Overnight
(13:00-16.00) ‘
¢
Figure 8. ‘Mean intragastric HY activities after meals, overnight and

over 24-hour  period in duodenal ulcer patients (n = 23)

treated with cimetidine 600 mg bid and placebo (mmol{L),
mean * SEM o '



v 215

20-} ‘ o
[] placebo
_ P4 Cimetidine
. . G L 600mg bid
157 l R _ o n=8
3 | | I S g
= , _ \ T
£ .
£ o T
v |
s (
c
>
= 957
Br'e'akfast - Supper ‘ 24-Hour
(9:00-12:00) ‘ (18:00-21:00) =~ '
o . Lunch | . " Qvernight -
(13:00-16:00) - S '
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treated with cimetidine 600 mg bid ‘and placebo'(mmol/L),
mean + SEM . . S - _ ,
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Figure 10.

normal subjects (n = 7) treated with cimetidine 600 mg bid
and placebo (ng/L)
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Figure 12. Mean serum gastrin concentration over 24-hour period in
o with gastric ulcer (n. = 8) treated with

patients _ ‘
cimetidine 600 mg bid and placebo (ng/L)
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(Ht/G) over 24-hour period 1in normal subjects (n = 7)

treated with ‘cimetidine 600 mg bid and placebo
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Figure 71/4, Mean ratio of H'T activities and gastrin concentration
(H'*'/G) over 24-our per:iod in duodenal ulcer patients (n =
23) treated with cimetidine 600 mg bid and placebo
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Figure 15. Meﬁn rétio of HY aétivities " and gastrin concentration

(H'*‘/G) over 24-hour period in gastric ulcer patients (n =
8) treated with cimetidine 600 wg bid and placebo.
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9.. \SUMMARIZING DISCUSSION . o

The series of studies presented is the result of an attempt to

elucidate and‘ unify the various physiologicai aspects in both normal
subjects and peptic. ulcer patients.. The results provide a better
understanding of normai ggstric physiology ‘iq. the . aépects of 'gastric
acidity aqd/ gastrin préfile and .alte§ed' physiologiéél res?onses
occurrin%/;n the acid-peptic,diseases.. Tﬁe stu&iés élsé demonsfrated»
the pha%macological effects, of wvarious antisecretory agents’ on
intragastric écidity and serum.gastrin concentration. - These @ay pfovide
a rationale basis for a bettér aﬁﬁroach to the treatment of peptic ulcer
disease.. The role of gastric acid 1in duodenél ulcer disease ié
generally accepted but the role of gastric acid in gastric ulcgr and
gastroesophageal' reflux disease‘ is still contrqversial. However, the
" treatment of these conditions has been directed at gastric acid
reduction. |

Previous literature suégestéd thét patients with duodenal ulcer
tendbto have higher: BAO and MAO than those in normal s&bjectsAa. Both
BAO and MAO are the measurements of both acid volume and concentration

: ’ . .

in the absence and in the presence of exogenous stimuli. Ve believé
that écid concentration may.be important in the pathogenesis of peptic
ulcer -disease as it reflects the amount of H+ present at the mucoéal'
membrane availlable for damage. Therefore we have studied the
iﬁtragastric gt activiﬁy over a ’prqlonged period under ph&siblogic
conditions in normal subjects and 1In patients with acid-pepéin
disordérs.

We seleqted to study the effects of various antiseqretory agents

which have different mechanisms -2 gastric acid inhibition based on

222
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parietal cell function. de have scudiéd the effect - of a cémmonly used
H2¥receptor antagoni§t, cimetidine, in‘norﬁal sub jects and patients with
duodenal or gastric ulcer. ’Theveffects of two Hz-recgptor antagonists,
cimetidiné gnd ranitidine, Qere pested in patients with'a‘past history:

of reflux esophagitis. Some patients with peptic' ulcer disease fail to
AN, ~ - . = ., .
7 :
respond- to a. single. agent. . One of  the reasons of this failure to

‘respond to a single agent therapy may be an inadequate suppression of
gastric acid. A;gordingly, we have evaiﬁated'the effgctg‘of_combfnation
'df Ho-receptor antagonisﬁ énd acid neutralizing agent or éﬁtimuscarinic
agé;t. Prostaglandin analogues 1inhibit gastfic acid secretion by
blocking the releasé of c—-AMP ;11;‘ The effects of different doses of
Enprostil, a syﬁtﬂetic érostaglandin,-were algo'compared with cimetidine
in patients with duodenal ulcer. | | |

Mucosal damage is.believed to occurgwhen the aggfeséive factors of
acid and pepsin>0verwhelm the mucosai defense mecﬂanisms;' Studieé on
the pathothSiologic' mechanisms of the diséases e} faf have‘ mainly
focused on potentially aggressive féctors, particulérly on _gast;ic
acid. ‘There ‘haé. beenglincreasingA knowledge on the role ‘bf, mucosal. -
defense mechanisms in p;otecging gaétric mucosal‘injury,'as‘suggestéd by
studies. Qsing /ggents such aé prostaglandins vénd"carbenoxéloﬂe that -
enhance mucosal defense by diffefeﬁt mechanisms. Tﬁeﬁpaghophysioloéic
;ole of mucosal defensé in peptic ulcervdiseése is not‘yet kﬁownf

A 24~hour pH,moﬁitgring”hés been a uséfgl tgchniqué‘for evaluating

¢

the pharmacological effects‘of antisecretoryragénts énd'the choice of.

70,72

*

the optimum désage regimen in duodenal ulcer patients -and. in normal

subjects73. Clinical respounses to aﬁtisecretory1agents in patients with

 the Zollinger—~Ellison syndrome have been shown to correlate with their
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effect on the 24-hour iﬁtragas;ric‘aciditylosa By using this technique,

vthe effect of diet énd‘drugs can Be tested over a prolonged period under
‘the physiologic conditions‘closest to real life in which the .medications
are fo ‘be used. The study of intragastric ’acidity in patienfs with
dﬁodenél uléér diseagse 1s potentially relevant to ‘the pathogeqesisiof
the diseasé aé there‘ié a close:correlation between the aciéity in the
: sﬁoﬁabh” and th; acldity: preseﬁt in the first part of ‘the duodenum

Under the controlled test épnditions used in this stﬁdy, standardized
meals were p;ovided and the ﬁumber of gigarettes consumed and the volume

of intake were controlled. All'subjects received standardized meals, as

the buffering éapacity’of food 1is influenced by the quantity and the

Ny

nature of foods’ss. The reproducibility of the method was assessed in

-

éeveﬁ duodenal Plcey subjects who repeated the study on separate
occasions ;nder similar conditions while recei&ing placebo anfl jidentical
meals with comparable émounts of fat, carboﬁfdrate and protein. The
mean correlation coefficient between the res;lts:frmn two sets of 24-

Bour intragastric pH recordings in duodenal ulcer patients was 0.17

(p<0.05).. : : C

With this experimentai tecﬁhique,.we were unable to determine the
totai volume of gastric content over the 24-hour period. It is not
certain whether acid concentration or acid volume is more’ important in

"the formaﬁion of pépfic ulger. Gastric acid conceptration m;y deterﬁine
the aﬁogntvof.H+ at the'muéosalvsﬁrface thch may be damaging t; the
gast;ic mucdsa.‘ .Cimetidiné was - shown to :have- an effect’ on. both
nocturnal acid secretory sblﬁme and total acid output in duodenal ulcer

.subjects. We assumed that cimetidine would similarly have an effect on

both H+ activities and acid secretory volume throughout the .24-hour

o
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period. We chose to measure the it activities as determined by pll
measurements, as it was felt to be a useful measurement to determine the

effects of various antisecretory agents on gastric acidity. The

relationship between the levels of acid :ecretion and the adverse effect

of the develqpment of peptic ulcer disease 1s not known. It is not
éertain which of the measures of acid secretion best describes the
pathophysiologic role of gastric acid. The critical timé that gastric
acid needs to be suppressed 1is not known. Our studies suggested a
diurnal variation of acid secretion, with the highest éoncentration
after breagfast and during the night 1in all pétient groups ' and in normal
sub jects.

The results of these studies failed to confirm the discrepancies
between the 24fhour gastric acidity as expressed in pH or " activities
in patients with 1inactive duodenal ulcer, gastric ulcer aand normal
subjects. Only subjects with duodenal ulcer tended to’havé'higher basal
acid output and stimulated acid cutput 1in response to exogenou§
pentagastrin as -cgmpared to normal subjects. However, there were
considerablé overlaps -of these values' in duodenal wulcer patients and
normal subjects. This wide range of BAO or MAO in duodenal ulcer
patients suggested a different spectrum of acid secrgtioﬁlin this group

i
of patients. The VBAO and MAO tended to be lower in Agastric ulcer
patients than in normal sgbjects with considerable overlaps. Howe§er,
the MAO .was significéntly lower in gastric wulcer patients ‘than in
duodegél ulcer pétients.

Gaétroesophageal reflux diseasé is not generally thought of as
v.acid-pepsin disorder. Mechanical fac;ors seem to be more important in

the pathogenesis of the disease. However, both acid and pepsin have



33’39. One of the

-been shown to be Aamaging to the esophageal mucosa
‘mafnstays of therapy of this disease 1s gastric acid reduction. We were
%ﬁﬂ;gble to confirm the findings »of others who suggested that BAO was
higher in patients with gastroegophageal reflux disease than normal
controls7. The study showed similar -BAO and/ MAO in this group of
patients who had previous history of gﬂophagitis as compared to normal
subjects. We found that gastric coptent in this patient group was

i

highly acidic with 90% of the pH readings < 4.0. Their 24 hour pid

-

profile or gt activity was not different than that of normal subjects.

4
were carried out in patients with inactive DU, GU and

‘These studies
GERD. It isvnot known whether the aqid secretion changes with disease
cactivity. A pre&ious study showed tﬁat acid secretiop 'was higher in
'patients with active DU than in healthy controls or in patients with
inactive DUl. We speculate that the altered acidlsecretion may not be a
primary defect in any of these conditions; although it may inérease the
propen%}ty’of-mucosal damage or ulceration.‘ The reduction of gastric
acid by antisecretory agents may only decrea;@ the damaging effect of
other agents suéh as pepsin or bile. Peptic activity increases in the
preéence of 'acid7l. The altered pepsiﬁ secrétionl in peptic ulcer
disease has not been fuily _studied but such studies are currently
intensively anmined by others.

A previous stﬁ&y,gpggesteq that there 1is a higﬁer basal gastrin
concentration in patienfs with gastroesphage;} reflux diseésega. Our
study did not show any difference in,eithef'basal gastrin ccl‘eﬁtration
or gastrin response to food between the patients with a prgvious history

of esophagitis and normal Subjects. The gastrin response to food tends

to be higher in both duodenal and gastric ulcer patients than in normal

'



subjects. The higher gastrin response to food may be caused by any one
factor or a combination of several factors including: Increased numbers

of G-cells, increased sensitivity of G-cells, defective feedback control

mechanism of acid on gastrin releas'e, prolonged G-cell stimulation by

intraluminal nutrients or gastric d;stention. The bigher ~gastrin
response to food in DU and GU may be operating through different
mechanisms - Tﬁe molecular forms of G-17 and G-34 of serum gastrin
concentration were not measured in this study. It was previously
thought that circuiating G-17 is five to s.x times more potent than G-34
in stimulating acid secretioﬂ but is metabolized more rapidly thén
G-34 107. Recently, it waé suggested that G-34 and G-17 have a siTilar
potency23. The higher H+:G ratio in normal susjects than iﬁ patients
with DU énd GU sugggsted a ‘1ower “sensitivity of acid secriﬁ}onm”to
endogenous gastrin in the DU and GU patients. This. does not‘co;iéspond
to the higher sensitivity to exogenous gastrin in DU patients as shown
in this study or in'the othersaa. This .may also repré%éhtJa defective
feedback control of gastric acid on géstrin release in tﬁesé patients
with DU or GU.

Cimetidinel600 mg:bid suppressed intragastric BHY after breakfast

and during the night'in DU patients and in normal subjects, whereas H'

suppression was obtained after all meals and durihg the night with the

same doéing regimen of cimetidine ~in GU patients. Thus these GU

patients appear to be more sénsitive to the inhibitory 'effects of
cimetid%ne. The meal—st;mulatedb gastrin responéé was enhanced by
ciumwetidine to a gréater egtentlin DU or GU tﬁan in normal subjects. The
ratio of ntic  was markedly ’suppressed by cimetidine in DU and GU

s but was minimally suppressed by cimetidine 'in normal
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subjects. The differences in méal-stimulated gastr! asponse and the
ratio of 1*:6 between normal subjects and patiehfs with DU or GU were
| accentuated by cimetidine. This resulf suggests that the sensitivity of
ﬁ: to gastrin may be altered by clmetidine in both groups of patlents
with acid-pepsin disorders. |

For. the purpose of patlent compliance, the dosing regimen of
cimetidine Qas modified to 600 mg'twiée a day. The results suggestéd
that thisv dosage regimen of _cimetidiqg is superior to .the standard
regimen of cimetidine 300 mg qid in suppréssing: H+' activitieé after
breakfast and during the night; This supériority cannot be Explained by
the change ini gastrin concentration or by the difference 1in serum
ciﬁetidine concentration. Similaf phayﬁacokinetics were obtalned with
cimetidine . 600 mg bid and .cimetidine 300 mg qid, and there was no
correlation Dbetween  the serum cimetidine concentration- and acld
SUppressibn. It 1is possible tﬁat aci@tinhibitory action of»cimetidine
may be a loCal'éffect on the parietal éells. The serum gastrin response

to food was enhanced similarly in both cimétidine—treatéd gropps._

Bo&h ‘ cimeﬁidine ana » ranitidinev suppressed intragaétric gt
activities after'breakfaSt and during the night in patients with é past
history of reflui esophagitis.' Iﬁ:these pétients{ the éastric content
was highly-acidic, with 90% of the pH readings remaipigé_at or abéve
4.0. 1In these patients, ranitidine given as 130 ﬁg bid was superiof to
'cimetidine 300 ng qid in suppreséing the ﬁean infr;gastric gt activity
after lunch. Thus)- even when using doses of the fwo H2~reéeptor
antagonisté which are>commonly’used therapeuticall§ufdr‘&;cér»healing,

: R

ranitidine 1s a more potent antisecretory agent than cimetidine.

The combination of cimetidine twice a day "and frequent >§ntacid,



administered one and thfee hours after meals, markedly suppressed
intragastric ﬁ+ activities during the day and at night.’ Antacid alone
given one and three hours after meals and at night maintained the écid
neutralizing effect duridg the day but only had an effect during the
early ' hours of the night shortly after the nighttime dosej - Less
frequent doses of antacid given four times a‘day, one and three hours
;fter lunch and supper, maintained the acld neutralizing effect dgring
this time when combined with twice a day cimetidine. Thus, it épﬁears
that l&wer ut actiVigy can be ‘obtained with a combingtion of aﬁtacid and
cimetidine, than witﬁ either cimetidine or antacid alone. It remains.
tinknown whether this greater neutralizi;g and antisecretory effect has
.any therapeutic value.

The effect>’of‘ the selecgive ‘apti~muscarinic agént; pirenzepine,
either alone or in. combinaéion‘ with cimetdine, was cbmpared to
cimetidine 600 bmg bid. Pirenzepine 50 mg‘ bid by itself ‘failed to

)

suppress ihtragastric H+.agtivitiés or ﬁoﬁturnal acid volume or to;al
aéid output.- This study - failed to‘ demonstrate  a' poSsible ro%g of
increased vagal activity iﬁ this group of DU Eatients';s ghey should
‘theoretically fespong to.thﬁs gntimuscariniq agent.- However, we did not
study patients who had faiiéd to heal their-DU wi;h a previous coursevdf _
tréétment with an Hz—redépcog antégqnist;f When‘pirenzepiﬁe 50 mg bid 
was combined . with ‘twiée va' day ’c .\*'diﬁe,' a more  prolonged acid |
sgpéréssion was observed‘éfter‘lu:ch, as compared to'cimetidine‘aloqe.
Bqth‘combination'therapy and cimetid® :~ ilone suppressed nocturnai';cid

voluﬁe, acid concentra;ion and total acia dptput.'.Combination thérapy

tended to suppress both nocturnal acid secretory volume and acid output

for a longer periOd,  as compared . to cimetidine alone. Thus ‘the
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combination of pirenzepine and cimetidine may be of therapeutic benefit
'in DU pgtients, particularly in' those -with nighttime. symptoms due to
aclid secretion at this*time, or 1n those patients who have failed to

-

heal with single agent therapy, including cimetidine.»

Enprostil,.a synthetic prostaglahdin EZ; increases intragastric.pH
in a dose dependent manner. Enprostil '35 mcg bid {s at least as
effective as clmetidine 600 mg bid in Suppressing intragastric HY both
during the day and during the- night. A single nighttime ‘dose of
Enprostil 70 mcg was associated with a similar degree of nocturnal H+>
activity suppression as compared with Enprostil 35 meg b1d. - The reason-
for this "carry-over” effect of the twice daily regimen 1is unclear.

. The serum gastrin concentration in response to food was enhanced by
) all wmedicatlons that suppressed intragastric H+ activity The »only f
exception ‘was that the gastrin response after breakfast was markedly‘
blunted'by Enprostil 35 mcg-bid, and the gastrin responses after supper
were lower in all Enprostil regimens as compared to cimetidineﬁtreatment
in spite of similar Hf activity suppression after the nlghttime doses «
This suggested that Enprostil may inhibit gastrin release in addition to
its effect on suppressing acid vsecretion- by the parietal cells. The:
mechanism of this gastrin inhibition is unknown; ;Neither is it_clearﬂ
why this antigastrin veffect was so prominent ‘after breakfast.~ The
»higher gastrin responses to food in other antisecretory regimens may.be
due to the lack of negative feedback of 1intragastric acid on gastrin
'releasef.,However, the ratio of HT and gastrin‘concentration markedly
fluctuated in all subjeét,groups without a close correlation between the

two measurements. - This suggests that the releases of H* and gastrin

.also depend on other factors.

\_'\
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The pﬁarmacokinetic study showed a diurnal.v%;gation of cimetidine

.

- given as 600 mg bid, with a'higﬁer peak councentration and a greater area
under the curve after the mornihg dosé than after the evening dose. We
do not have the explanation for this diurnal variation of cimetidiné
pharmacokinetics. Further study haS'beén attempted to determiné if,tﬁis‘
observation ié due to a diurmal physiologic mechanism of absorption of
this drug. -A similar observaﬁion was obtained when the antimuscarinic
agent, pirehzepine,i'was combined with cimetidine CMahaéhai VvV, et al,
unpublished observations, 1984). This antimuscarinic agent did not
interfere with cimetidine pharmacokinepics (Mahachai V; et - al,
unpublished .observations, 1984). Thus the diurnal variation %n the
ph;rmacokinetics of cimetidine 1is wunlikely to Abé due to cholinergic-
mediated factors.

A similar cimetidine pfofile_was obtained when cimetidine 660 mg
'bid was combined with antacid séveq or fbur ;imes‘a day. We failed to
support the oprevious finding95 fhat concomitant -admlhistration of
antécid.interferes Qith thejabsorptioé of cimetidiné.

In spite of thg‘effecfiVeness of all groups of éntisecretory agenté
in gas;ric aéid suppfessi§ﬁ' and e?en in” the healiﬁg of péptic ulcer
aisease, the etiolbgicgrole‘of gésfric aciéwin these diseases was not
VCOnfirﬁed} Ve @a&"be indirectly treatingv acid-peptic disease by the
reduction of acid. Gastric acid may‘only play a pe;missive role in tﬁe
disease formation. In order to alter the natural hisﬁory .of‘ the
Aisease, the‘priﬁary defect'sﬁould firét'bevdetefmined and corrected.
This primary defect may not necessérily be fépresentedmby defects in
acid secrétion¥13. Thﬁé, the studies repbrfed here give sohe basis for

1

the selection of therapeutic regimens 1in the treatment of acid-pepsin
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disorders, and indeed for the optimization of this therapy, but these

studies do not explain the cause of duodenal .or gastric ulcers.



10. RECOMMENDATIONS FOR FUTURE RESEARCH

Future studiles are needed to define different subgroups of éeptic
ulcer patients Who_may possess differént pathophysiologic‘mechanisms of
thé.disease. For example, studies of acid secretion‘shquldAbe performed
in patientg who faillto'heal.théirnulcer with'H2‘fecept0r antagonists.
The altered mucosal défenée aﬁd»pepsin me;abolism peed to be furtﬁer
definea in these batiénts{ Acid hypefsecretién_may‘still be;import;nt
in a certain‘subgrdup'of patients. For exémpie; the éuggestigp that the
normallincrease in_mucosal‘pfostagléndin ievéls in'response to acid in
the duodenum 1is defective in DUq(2)vnéedsvto Ee confirmed. 4Indegd, acid
bmay only be a pe:missivé marker for ﬁhe develofﬁent of'ulcer.disease.
This .subgroup ,oé patients yiii dertainly bénéfiél from potent
antisécretofy' regimen. The new strategy of treatiﬁg 'éeptic ‘ulcer

disease by utilizing agents that imprdvé mucosal resistance or inhibit

peptic activity shodldvbe further investigated. .

/\Q
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¢ | 12. APPENDIX

MEDICAL MANAGEMENT OF UNCOMPLICATED PEPTIC
‘ULCER DISEASE IN ADULTS -

\

S ' C oo :
(A slightly modified version of this chapter has been submitted for
. Thomson

publication in Bockus Textbook of Gastroenterology, 1984, A.B.R
and’ V. Mahachai) ' : -
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Peptic ulcer disease 1is a common medical problem which results in

" considerable morbidity and mortality. due to its propensity for

recurrences aq& the development of hemorrhage, obstruction and
pe;foration; . It is debacable whether duodenal and gastric ulcer disease
are sepafate entities, or different manifestations of the same
process. This. process of ulcer formatioa 1s associated with numerous
paﬁhophyéiological abnormalities related to excess aggressive and
. «

‘inadequate defensive factors, but it is unclear whether these changes
\afe of etioiog}gg} significance.'

LY

General Principles = .

In the total assessment of the patient with peﬁtic ulcer disease,
it 1is helpful to enquire aboﬁt their lifeétyle, including the,natufe and
.houré of work,-habits of eating, sleeping, smoking and Arinking; their
worries énd concerns, their sources of relaxation and pleasure, their
hbpes and aspirations. Enquire about thé‘ use of drugé, especially
previous use of and possible benefit from angacids, anticholinergics,
and Hz‘blockefs of‘cytpprotecfive agents. .quf'impbrtantly,.ask'about
_the'ﬁafient’s use of aspirin or other over—the~counter\drués which még
contain\non—sferoidal gnti~inflammatory agents (NSAIA). |
| In the management of‘the_patient witﬁ a peptic ulcef, do not lose
'sight' of the importance of .:he patient*physician‘ relationship. The

‘personality of the physician; his/her sympathy Fadl understanding of the

;V”patignt, and the'patient'S'ihterpersonal relétionships and current life

MR lon

[ .
i

#iiuétioﬁ are. all important. At a time when we question whether the
hedling of ulcers 1is due to potent new anti-ulcer medications, or the
giass oﬁ'water used to consume the pills, it may seem foreign to some
[R5 S : X

R
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readers that this very {(mpathy and caring’démonstrated by the iayiﬁé-on
of hands and the listeniﬁé ear of the physician may prbvide the until
recently unmatchable so;called "placebo" effect of héaling'of the hole
in the 1lining of the stomach or duodenum. “"When the'sgfient realizes
that the physician has a sympathetic and understanaing appreciation of
his préblemé, he(she) 1s more 1likely to accept graciously the advice
which 1s offered relative to a read justment of the various mentél;-
envirqnmental siguations responsible in some measure fo; his 1llne§s"
(A66)-‘

In our world of the mid-80's, we may sometimes éct as if. the old
should ‘be diséarde&, not cherished? and  the new alone is effective..
Yet, caring and gompas;ion must continue to piay a majorirole in the
care>of these patientslwith‘éhronic fecﬁrreng disease. Three'geﬁeral
rules must prevail;in our‘approach to a problem which at some pbintiin.

the life of North Americans will affect about 107 of males and 5% of

females:-

1. no acid, no ulck
’ M S ,
2.  once an ulcer, always an ulcer - as long as the

Y - at least, not hsually\‘L.

Ny

original diagnosis was correct
3. not all dyspepsig!is from an ulcer.
et L .

Let us examine each of these guiding principles.

No Acid, No Ulcer

There are demogfaphic and psychological characteristics which may
or may not typify the usual patient with peptic ulcer disease. Thére
" are numerous pathophysiological‘disturbancés present 1in at leést‘Some

‘patients with these gastric or duodenal lesioms. This development of an

A}
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ulcer represents an imbalance between aggressive and defensive factors

in the upper géstrointestinal tract. The aggressive factors relate to

" the presehcé of acid and pepsin 1in the gastrig‘lumen or at the interface

of the membr ne and the luminal contents. = The acid and pepsin are

releésed for the purpose of beginning the digestion of food,yand not fqr'

the digestion of the gastric or duodenal ‘mucosa! -Peptic ulcer disease

is a heterogenéous group of disorderé (448-450) with variable severity

(149), and it would be incorrect to -assume that' the presence of

)

excessive acid and‘pepsin'necessarily represent etiological mechanisms

(557); Some bf'thESevabhormalities may even prove to be the result

rather than the cause of.- the disease (Téble 1).  Some of these

disturbances may even be defensive, the body's attempt to -achieve normal

» mucosal’ repair. .,ySian pepfic ulcer disease 'is most probably

hetérpge: inﬁ*@éiology,-'as'%%Qident . clinically -~ (289,290,447),

geheticallyi(288,449,451f%[and pathophysiologicélly (197,284), no single

factor is likely to discriminate ulceré that heal - or recu:-L or fail

of therapy for a given patient, for the more opfimal design of clinical

trials, and for the better understanding of the basis of ulcer disease,

to know what factors influence ulcer healing.

N
rr

“to heal - from those that do not. - It would - -be helpful in the selection



Table 1

PATHOPHYSIOLOGTCAL ABNORMALITIES

- There 1s evidence for/agéinSt
"these abnormalities being of
etiological significance

1.

10.

Increased Parietal Cell
Mass :

Increased Sensitivity of
Parietal Cells to Stimuli

increased Stimulation of
Parietal Cells by Increased
Circulating Gastrin

Decreased Sensitivity of Parietal
Cells to Inhibitory Factors
Increased Numbers ovantral ~
G-cells '

. . Reduced Acid-Inhibition of
* Gastrin Release '

Increased Secretion of
Gastric Juice

Rapid Emptying of Gastric
Contents

Decreased Acid~Stimulated
Release of Secretin From

Small Intestine

Increased Threshold for
Secretin Release

Decreased Secretion of

' Pancreatic Bicarbonate

Increased Acidity in

Duodenal Bulb

Impaired Acid-Stimulated
Duodenal Mucosal Synthesis
of PG's :

IN DUODENAL ULCERATION

=

/

;
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Let us consider the parietal cell ‘and its role in the secretion of
acid (Figure 1). Ho antagonists and anticholinergic agents'inhibit even
basal acld secretion. This suggests that 1in the basal state the

parietél cell is under both histaminic and cholinergic "tone”. Seweral

.K 4

W

lines of evidence indicate that the isolated canine périetal' cell
possesses specific receptors for histamine, acetylcholine, and for
gastrin (488-495). Gastrin appears to directly stimulate the canine

parietal cell by interacting with a specific receptor closely related to

CCK (253). A three-way interaction may occur among histamine, carbachol

and gastrin. (44). The second messengers for the secretagogue action’

. include cyclic AMP and calcium. Histamine stimulates cAMP production by
parietal cells (98,495), whereas this .is not the case fpr gastrin'or

e

carbachol. . Cholinergic stimulation of barietal celIAfunction is coupled
to the enhanced influx of ex;racéllular ca um (489). Stimulation of
secretion by gast:in was not associated with ;alcium influx.
Proétaglandin of the E, series inhibits gAMP productign by isolated
éaﬁine parietal cells, and by blocking histamine stimul: ion of parietal
| cell function, but does.not‘inhibit thefeffeéts of either carbachol or
gastrin (488,491). ﬁistaming stimulation of'cAMP is also inhibited by
Prostaélandins (491). Lanthanum, which blocks wgglcium fluxes across
plasma membranes, ‘inhibits cholinergic stimulation of parietal céli
fun;tion. Atropine and Hy-receptor aﬁ;agonists block gastrin~§timulated
acid secretion by removiAg the potentiating effects of acetylcholine'agd
histaminé, respeétively. Prostaglandin block§ cAMP formatiomn, which is

necessary for histamine to stimulate acid secretion. Thus prostaglandin

eliminates the interaction between gastrin and ‘histamine. Neither

atropine nor metiamide alters the binding of gastrin to its fécepton

(519).

ag
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Inhtbitor .

Omeprazole

Calcnuh Channa!

AntagQonists
18, Verapamd

Prostagiandin

Ho Blocker

Cimeticdine
Ranitidine

Acetylycholine
Muscanmc Blockxer

Non-selective
18, Alropine

Seleclive ..
1o Prenzspine

Gasltrin Blocker
Droolurm()e

Figure 1: »Qlassification of Inhibitors of Parietal Cell Function
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We need to know which of. the many measures of acid secretion best

describes the pathophysiologic role of ﬂcid: basal or stimluated
secretion, and stimulated with what- food, sham feeding, histamine or
pentagastrin? And 1s the critical factor for mucosal damage acid
concentration, volume or output? Is it a matter of time and acid
concentration, 1i.e. thevarea under the acid-output curve? Is itnthe
aclid present in the‘ stomach which 1s i1mportant 1in duodénal ulcer
disease, or more likely the acid present %n'the.duodenal bulb? Is it
the amount of -acid after meals which must be suppressed or the acid

" present oVernight? Why . do ulcers commonly occur in the duodenal bulb,

pyloric channel or gastric antrum? Why do they ter to recur at the

same site? Is there a single insult, or many small events which

culminate in an ulcer? Tk -se q\'Jestions a_ently unanswered.

True, some patients with duodenal %} ers may secrete excessive
volumes of hydrochloric acid. Some patients with gastric ulcers may
secrete normal rather than low amounts of acid (199,559) and therofis
conéideggble overlap 1In the indi?idual values within patient ;éroupé.

However; the 2%4-hour intragastric pH is similar in asymptomatic normal

volhnteefs, gastric ulcer‘(GU) and duodenal ulcer (DU) patients (332).

An ulcer likeiy'begins as a defect in the mucosa 1i.e. an erosion, which

later extends beyond the muscularis mucosa to. form an ulcer. However,

initially the concentration of acid at a giVen péintlin the membrane is:

no different in health and disease. Indeed, if a biopsy is taken at the

time of endoscopy in a'patient with a duodenal’ulcef, the mucosa quickly

heals. »‘A chronic ulcer does not -form, possibly because the mucosal

defense and fepair mechanisms are intact. The propenéity for the“MAO'to‘

declihévin DU patieﬁts after ulcer healing raises the prospect that the

N



elevation of hydrochloric acid volumes or 'secretory rates:may be, at
least 1in part,; the result and not solely. the cause of -ulceration.
Nonethelesé, even 1if acid only plays a pertiissive rolé,,most clinical

scientists would support the time-honoured dogma of "no acid, no

ulcer”. Regafdless of. the ro%e that anxiety and frustration may play in.

enhanciné acid secretion, o% more lmportantly, in heightening the
symptomatic response to the ulcer .pain, acid must play some leading role
in this drama of gastric and duodenal ulceration.

%]

Once an Ulcer, Always an Ulcer

Gaétric ulcers, 1iké'dqoden:1 ulcers, ten” té.reéu:‘(ZOB).’ Benign
recurrent ulcers may - heal as -° iily as lid: the index ulcer (315). If
malignant degeneration of a previously bgnign géstfic ulcer ddes occur,
it must - be rare (343). To ghe' pafieqﬁ,' it is vimportant“to avoid
recurrent bouts of pain; and éerious ulcer—rel%ted cqmplicdtions such as
bleeding, perforation, or.gaétric outlet oﬁsfructionQ But Qicers cgmé
- and go, and in view of the repeated 6bservation‘thét,éb§ut one patiéng
in threegwill Have an astptomatic-recuirence of ulcer'pér yéar,-then

these patients likely have many unnoticed recurrences over their

lifespan. We do not- yet know whether preventing the asymptomatic - as

well as ‘the symptomatic - recurrences does in fact prevent the

development of major complications. Indeed, mos;'experiencedvcliﬁiciaﬁs
have seén DU patients present w;thlan upéef géstrointestinal hemorrhage
while they‘ére on.wdintenance anti—ulcer'therapy.

fhe cause or causes of peptic4ulcer arevnotlknown, nor
causes of ulcer.relabse béen»éstablished. 'rFactors leading <

initial development of the disease may not be the same as those ‘leading

i’&

”

A nd
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to a relapse. Early relapse after heeliQ§ may be aesnciated witﬁ high
acidbutpep(458,5l0).-Severaletudiesreporéedmorerelapsesinthepatients
with af}'{onger history of disease (26,145,200,338,344,458,459,510), or
wiﬁﬁ sh;king (496). In one stud?, ulcer recurrence was more common 15
.patients using a lew fiber diet (46?){ Tﬁus,‘in this era of fast foo'-
quick riehes ahd iestant everytining, :the patiene mey'expect and demand
rap;d relief of'pain-and_a p---manent cure of the ulcef. Jest as factors
in - life-style bmusfv be 'stressed,' so also 1s it important‘vfor the
‘ physician.to emphasize .to the patient fhat the ulcer will recur, not
lﬁhrough some shemeful:defect in the patient or the physician, Bet‘rather
. simply 5ecepse thét'sjéhe way i; is - in most patients,’ulcers recur.
Equally,,the pa;iene.ﬁust be reaesured thaﬁ‘eacﬁ>episode of pain may be
successfully‘tfeated, tﬁat the.risk of complicatiehs may be‘reiatively
smali, .end tﬁat ;hefe is a promise that the natural hiseory of the
.velcers tp‘recur may be modified somewhat by exercising acceptance of.
some prueeht, albeit net.toﬁally‘prdven @eesures (Teble 2) as well as by
takiﬁg effective maintenance medications.- |

B A small propoftion of patieees_may suffer only a single attack of
_symptometie eleeration; but~mdst'patienes with a duedenal or ic

. . Y .
ulcer will relapse, with an annual recurrence rate‘of about 75% (417)

and a ‘leyear' risk of‘;potentially serious compLicationsv (Bleeding
';eduifing a>traﬁsfusibn,‘perforetion or‘obstruetion) ef‘llZ ¢149) and a
- 20% life—loné riek of'cohplications (69). Complication ratee were about
2.7Z'ée; yearvfor those with no prior complication, .and about 57 per
year. for those with 5 priqr cqmplication. Thus, stress ﬁhe positive to

the .patient: an ulcer program is Intended to relieve symptoms, heal the

' ulcer, and thereby prevent complications. No, ulcer programs do not

\
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cure the ulger ‘disease, do not permanently alter -the natural history of

the disease, but only heal the ulcer at one point 1a time.

. 7 Table -2

?ACTORS POSSIBLY IMPORTANT.
IN ULCER RECURRENCE

1. SMOKING

2. LONG PAST HISTORY . S )

. 3. HIGH ACID OUTPUT

- 4. LOW FIBER DIET .

f

Not all Dyspepsia is From an Ulcer " .

-

It should be recognized that there are ‘as many causes of chronic

recurrent food—rel‘@“r-ted epigastric . pain- (357,371) as there

definitidns of dyspepsia (528). While certain ,characteristics of the

“are

pain may suggest ulcer disease (Table 3),, it must be stressed that about

half of patients with dyspep‘ . will have an ulcer (I93 203,221, 551)

¢

and half of patients with An uluer wilJ, have dyspepsia (371, 425)

i
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| Table 3
t .lCOMMON CHARACTERISTICS OF PAIN DUE TO PEPTIC ULCER i qﬁ:
. ,l. 4 . . »\l
.'_ lJIIﬁSUALLY LAST-ONLY A FEW‘HOURS
L
. 2. TEND TO OCCUR DAILY FOR SEVERAL DAYS, WITH FREEDO ﬁ&
e . } v "':.'.'&A
’ ‘ ' " FROM SEVERE SYMPTOMS FOR SEVERAL WEEKS OR %?NTHS
3. ARE FREQUENTLY NO CTURNAL ' “*ff, _ L
< 7 4. ARE OFTEN RELIEVED BY ANTACIDS
' ‘.‘) ’ . . 'r ‘.‘

wl ) The ﬂost common functional overlay in the patient with wulcer
* disease is aerophagy Persisting epigastric pain plus' anorexia and

u“

4weight loss should raise the concern of the presence of gastric

cancer. Thus, ‘each recurrenCe'o sy »ms in a patient wiEh a

- K

..past -
hiétory of acia—pepéin‘diSease u reassessed as to 1its.

:baeis.

?

. within .a mon&h without the aﬁdition of therapeutic agents. ,\‘These.”

| ..

::&ing rates vary widely, from &% in Italy to 79/ in U.S. A nd
- West Germany (f%l) These differences from country to cOuntry and from
» M
¥ study to é%udy within a; country mav be ipfluenced by demographic, life-\

¥
style and physiological factors which might affect ulcer healing and

recurrence. Also, §:udy design May influence placebo healing rates{

L

A . - . S .
4rinflammatory’agent§, and the different criteria used for definition of
T healing. . . , , R » I

“ - . . %
N . .
LT . g i

The.prognoeticators for ulcer“healing are shown-in Table 4. Past

e N \ N ""
¢ attempts to 1identify .the healing- factors .can be criticized as  not

‘such - as the . concurrent use of",antacids or non:steroidal anti- "
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wdog&—reéponse test,

3. LONG PAST. HISTORY,,.'

-

composite and comprehensive in appqoach,(285). The~adverse\éf£ecthofA

o

cigarette ‘smoking is generally accepted; acid secretion,  sex and dage

‘
!

-
vy

1

have been controversial;» and ~alcohol appears to . be possiblyi

. La

unfavdﬁ%able. In the disdriminent analysis of Lam' ~and Koo (285),_-

~yqdividual analysis using stringent statistical‘criteria identified only

U gertinen& factors: cigarette smoking, including the quantity of

- , oo : .. ;
v . . . W

.

discriminant value in_)cinetidine-treated patients; these werewiithe

v . s
> \;

-fasting serum gastrin concentration and the Dgg gﬁy the pentagastrin

. Ry
e )
.

ﬁ;he'roet%etal.(cell éensitiyity to

L oWt .
pentagastrin. I
C -
Ty P STICATORS OF ULCER HEALING S R
‘ N ‘ & u“‘ . e ,“ u‘ 4 r( : ) v . ‘é"l
. . Mo i" o :;\ & }' b’ . .
"1. MALE SEX- (32,340 344y348 374 377, 405 408 496 548)
2., SMOKING (242, 387, 348 496) - R A Rt

5; ACID HYPERSECRETION (either BAO or MAO& dﬂ;’
(55,222,287, 348 408) - o

6. ULGER SIZE (285) L .

7. FASTING -GASTRIN (DNCENTRAT ION (285% |

‘8. . Dy OF PENTAGASTRIN DOSE RESPONSE @(28’9) R : _ e
9. ALQDHOL. (I)NSUMPTION (285) v o : '
10. BAK PAIN (285) .. % ;n'z' L 2

11. PAST HISTORY.DF BLEEDING (285)

= iju -
" NS

' ! .’\ ,;'5:;' . . .
Curiously, the lower the fasting éerup gastrin concentration, and the
s e S5 ; .

N

more sensitive the patient is to~pentd§és in, the smaller is the chance

P ; . . i
i / B
: - N ' . -
, .
. R ' : . )
N w.&‘ /i - o . . )

@0
o

lgarettes consumed, and ulcer size, both their diameter and depth. Two. .

aclid-related physiological _measupgments were identified to- be of




iy

“ ‘:7 X - ' o / ‘_°

of healing with cimetidine treatment. This discriminantlhhalysis also

identified ulcer/diameter late onset disease and body weight analgesic

consumption and neurosis, to', be of discriminant value as./factors.

| . i e W

J

unfavourable to healing . by cimetidine: In the placebo—treateiﬂgrpupf

back pa{n, preyious gaetrointestinal bleeding,ﬂand alcohol consumption

0 o

. were selected as factors*'unfavourable‘ t%$bhealing. These possible
’ ' . R & & ‘ ’ .

-

' . . . B Ty )
prognosticators are 1important, -since clinical trials do not usually

separately for' these factors which may be associated with a

‘v Lt . ° ) ’

randomize

';'pOOr cliniCal response.- Secondly, the failure of a therapeutic regimen‘

A . Ty

;605 result 'n heﬁfﬁng with}n a riven Study period may relat to the

% ““r

. .-ule\r‘p
uncontrolled ag@#m

v interacting influence of one ‘or ‘more. factors

which retard " the »natural tendency of many pat}ﬂnts to heal thPIr

5

L > : / :
uloerﬁ‘ Fina%&y, let us examine the potential benefit of altering the

patient s-life style on ulcer healing o
"”3:;1 ' 6‘; "

»

. ‘..’,- ’..1‘- i . | .4 S ‘A X "’9\. T .
M L mw L g
W Prudent A roaches to Lifest fﬁ _ ' ' e e
S pp bk ~ : _4!4 : NS ' 2 R e
(A : . ™ T e = IS
Let us examine the benefit of éltering the?p&pient s lifestyle on
B ° , ,
ulcer healing (Table 51”‘ e L . v '
W o 4 “



5. DRUGS - avoid aspirin, ASA—containing drugs, NSAIA and

e
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Table 5 - Q’J,‘

o

PRUDENT APPROACHES TO LIFE STYLE
IN ULCER HEALING AND PREVENTION OF
_ RECURRENT SYMPTOMS OR ULCERATION

1. FOOD ’ @

a) eat three Qnall& balanced meals a day

b)"if‘pain,P:Z

't wveen meals and Sgghec@'heips; then
c) unless b given food makes your pain worse, don't , N g
i otherwise~purposely avoid any food substance’
fd) unless notmal—sized meals cause a bloatedjof full
feeling, there is no special need to rituelistically
consume six small meals a day‘; .
. e) fOOdb which seem to increase epigastric dLscomfort

in individual patients ‘'should be av01ded

s e
2. 'BEVERAGES - I I ar; o
a) Milk - if pain is relieved by small amounfs of mllk
v w vthen enJoy that reliefﬂ' o
- b) Coffee,-,ea, Juices and alcohol - take in’ moderation
o and avoid only if these fluids aggravate sxmptoms o>
¢ i | ’
3.  SMOKING - s£§p smoking 1f at all possibléJ :
v o ) -
4. ACTIVITY T a reasonable exerciie program for purposes of
’ \ general well-being - avoid sedatives” unless ‘
clearly indicated for health-related purposes - ,
B other than dyspepsia or ulcer disease. 4
g 7- E . v . s «
s t ) o = o ’ v

steroids

<
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1. FOOD

The discussion of the role of diet in the management of patients .

with peptic ulcer disease required.over 207% of the length of the chapter

devoted to this subject in -the last edition of Bockus' textbook of

gastroenterology (62), whereas Soll and Isenberg (494% dismissed this
form of therapy in half a page 1n Sleisenger and Fordtran's Third
Edition of Gastrointestinal Disease. There are four points to‘take home

about diet }mnipulation in patiénts with peptic ulcer disease (Table 6):

P

Table 6

St

TAKE HOME POINTS ABOUT DIET MANIPULATION

IN PATIENTS WITH PEPTIC ULCER DISEASE

' : : o

DIETS :
nl'.“?ﬂp.not he%é g}cgrs '
SR | 2>35may improve symptoms.
O S |
S 3% may”cause adverseeeffﬁcts ﬁf 3 &

g

4. may play arole in\the’prévention;é

recurrence
Distension of the gastric dntrum may stimulate acid secretion, but

. . . : _ : .
food may buffenﬁgﬁid.‘ Frequent small meals used td be advised for ulcer

~

patients, on the rational “basis that acid secfetion would be stimulated
R

e frequently _but less . powerfully. QwaéQer, in _DU patients, the
N . ; » ' .
intfagasﬁﬁic pH . is.-not influenced by ‘meals of different sizes and

protein content, taken- at diffe%edg’times of the day (331), and the mean

i

- : . - Ca . I 2y UL
acidity throughout thé day is similar in DU patients' fed two“xﬁﬁﬁ‘qur4

*

3

hourly (13).

U ﬁléﬁ&“&fé@gi?i&@ﬁ;therapy, or. frequent feedings do not beﬁefit the

healing of peptic ulcers (86,135,298,302,535). The bland diet may play



¢

even a lesser role in the maintenance of the nutritional well-being of

the patient. An appealing diet 1s necessary. Take' into account the
patient's 1life-style, eating habits,',and‘ food preferences. Of more

importance than the. nature of the diet, 1is the frequency of eating.
. 4-“ .

*41
. Yoy syt

good relief of symptoms, whereas ' some patients- with a GU who have food—

qu

aggravated pain will note that ' frequent small meals are of little
benefit. In addition to stimulating\acid Recretion (16&5 food does

buffer acid and in fact the intragastric pH rises (i.e.' the gastric

M \!

4

V\I‘ .
e ,o

T

{‘L(\‘

o R
Many patients with a DU will note that consuming .frequent mealsﬁﬁrovides R

ontents become more alkaline) after meals and snacks (328w$$ ) The

s

.osition of an 4 diet.” ) total . calories, or . the’ ‘ratio . ,of
SRS c; 7 ] s | oo o -

nitro en/cglories/fats - has little ‘effectd on the~-intragastric pH

(303) The evidence that spicy,food stimulates excess acid secretion

Jlusive (463, 467)
el

. S Ea : : : .
' 4S some older major reviews of the management of peptic ulcer

.. 3 -!-t,

diseasevhave stresseftjhe importance of diet in the treatment of ulcer

disease, some older patients will consider. their physician to be remiss

if a diet is not prescribed} Indeed, some patients will have noted that

certain foods aggravate their dyspepsia. Consider such fpods as coffee,.

'~\’\/, - . . . . B . ,,_*,“ i

alcohol, pop, orange juice, spicy foods, chocolate,'aﬁypfatty foods.

‘But surely these patientslare-teaching us a. lesson in physio}ogy. Foods

in general stimulate acid secretion, Orange juice and pop are acidic

(160). Chocolate way relafﬂthe lower esophageal sphincter, accentuate

Hgastroesophageal reflux;jand result 1p dyspepsia which is not so much

’ 5 .
due to the ulcer, but to acid regurgitation in the esophagus.

e
e

i

-

SRR
tal



2. 'Beverages

7

a) Milk -

Milk is a poor neutralizer of gastric acid (58,136,241 4123\‘. u&‘
£

‘Indeed, milk may stimulate acid secretion (241), possibly due to gastrin

. AN
1release or "to direct stimulation of parietal cells by the protein and lﬁ\

'calcium in milk Removal of calcium from milk prevents the increase in
bacid secr}eti’_on\\,irn.;norm_al subjects but not in patients with ‘a duodenal

ulcer k The@- ingestion of l“arge amounts of milk may be associated with
the now—rare m,ilk-—alkali syndrome (356), and with atherosclerosis (468).'
4 A . o iy S

Milk has never been shown in, a clinical trial .to’ be e\ffective for

) L 3 M

R tfhe healing of ulcers, or fog: the rel!ief of symptomsg,Y‘et generations

‘ -J
.u,’r, S T e

of patLents have given testimony to their observation that . milk -helps

e . - " i

the;Lr dysp_epsia Do .our physiological observations create a heresy7

0 = RN i u

) Not neceSSarily uso._ Our patient s observations should humble us in the

L K . .-.3

Qo

ar.t ‘onf- m_ed-i‘c;ne,” L_-i‘n. »the realizal_tion ‘that milk may offer some benefit

~ PO A

Qhen 'taken in moderation "and in con'junction_'. with other therapeut i&

'approaches, in the relief of pain 'Indeed -in-:-some'studies, a $100
e
course. df - anti —ulcer therapy does noe * better than placebo in the rellef

\ EN

< : L
‘)of the : patient's symptoms. . Regardless "‘of whether its effec.t; is ..

Ny

"symbolic," sacrapental, or 'possibly-physio’logic, it r'nilk] does the job"

o

(503).

" v

b) Coffee, tea, juices and alcohol : —~

. \ N . : 4./-, A,
Coffee, tea and caffeine nay inérease acid secretion (536), and
_both regular and decaffeinated coffee stimulate acid secretion (105).

Epidemiological data have sh,own that coffee consumption is probably not

ass_ociated with the develdpment of peptic ulcer disease (168). Tea is a
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‘potent stimuiiht ofi'gastric ‘acid” secretion (144). Among . the

. h

constituents of the brewing of tea that might st¥hulate acid secretion
s

¥

are

*
excessive acid secretlon is inconclusive, (463,467).

Recent studies have shown that the direct effect of ethanol on the

.
& :
gastric nucosa under acute "conditions 1is inhibition, not stimulation

(111). There 4is no data on the effect of chronic ethanol ingestion on

acid secretion in man, but in -the rat chronlc ethanol intake results in
, i3
. - .

higher- acid outputs following acute exposure to lntravenous or

intragaetric ethanol, or in vitro exposure to mucosal 'ethanol as

comnared to studies using matched control rats (279).d'Serum gastrin . .

levels were not significantly affected by ethanol. Furthermore there

1s no evidence that . the use of alcohol is associ ted uith an increased

xr*:“

o

cirrhosisbﬁilO) However, during the acute exacerbation@of an ulcer,

.some patients will complain of coffee- or alcohol?related worsening of

their"pain.a Under this circumstance, theee dbeberageeTQShould be

" temporarily avoided; It is debatable whether intermittent and moderate

use of ethanol alters gastric acid secretion, and no open—and-shut case

o

~can be made for prphdbitihg\\the occasional .drink. . It goegk’without

saying tharftbe.best advice must always include the couhsel to avoild

»

for some, like alcohol for others is a vehicle

overdrinking.‘ Coffee,i

for social interaction and relaxation, and there is no need o recommend

Ty
total abgtinence from coffee. Rather, moderation,. like the middle of

the road, continues to be the best'place to travel.

-

caffeine and theophylline. The evidence that fruit juices result dn

n
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3. Smoking . ‘ ,

Cigerette smoking»'is assoclated with an increased incidence of

duodenal ulcer and with decreased healing rates (134,168,210,251,

259,372,402,408,409,547,554). ~ A British study found similar healiﬁg”

- " N
rates of duodenal ulcers in smokers and nonsmokers who were trea@{ﬁ&yith

cimetidine (2), wﬁﬁie in an Australian study (277) 95% of
healed their DU om\cimetidine, ranitidine or oxmetidine, comp W ith

ouly 63% of smokers. This differencer was statistically significant.

There was also a positive. correlation betweenﬁﬁﬁ%‘failure to heal rhe
+ ’ v . .

patient's ulcer, and the number of cigarettes smoked. Furthermore,
during a 12-month follew-up .examination after healing and¥ on no

- treatment, 53% of nonsmokers and 84% of . smokers relapsed. Again these
_ s ' : Do ,
differences were. highly significant. . A second recent study also

-

suggested that smoking increases the likelihood=of relapse in duodenal

ulcer after successful healing§§496)

-

The mechanism of this effect 1is unclear (168) Nicotine has only a

minor effect on acid secretion (547,554), but nicotine does depress the

-

s

- pancreatic output of bicarbonate <(88). There is no evidence that

smoking 1is- a factor in the pathogenesis of GU, and the evidence that
smoking affects the healing rate of —~ 1is controversial -(134,218).

However, coneidering all the many major odverse effects'.of cigarette

‘>smoking on the patient's general health, and the possible or probable.

adverse effects of smoking on ulcer occurrence, healing and recurrence,

it is prudent to advise patients to stop smoking.

4. Activity: Rest and Sedation

Two..older studies suggested that hospitalization is aseociated with
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an i_ncreased hedling rnne of GU (137,218). However, the high cost: of
hosnitalization has almfrt ended the practice of bringing patients with
uncomplicated duodenal‘%ﬁcers into the hospital for bed rest. Yet, the
exception of course proves the rule, and some patients require this lstep‘
- almost as a last resort bei?ore gastric surgery =~ to remove them from

those so—important yet so poorly def\ined ' factors which{ result in the
? .
imbalance between aggressive and -defensive factors, and precipitdte the

development of the ulcer. In the total approach to the patlent, one ‘;
‘ €5
needs {o remind the individual that moderate amounts of activity - are

helpful adjuncts to a healthy 1life-style. This need for a balanced

- lifestyle 1is good advice, quite.apart from any - as yet unproven -

- .

effect of activity on acid secretion, or ulcer healing and recurrence.
- : U » . . e

Sedatives .

"A pt“ﬁ:ient may l&roud; or~ ashamed of his duodenal ulcer”: (503).
u‘ . . .

While PUD ﬁ&f‘noﬁ causedwb:;;'stress’,w feelings of; anger or frustration may.

UL - - / g

J
lower the p'a‘tient s threshold for pain and rs‘ise the p0351b111ty of an

Do

ulcer - recurrence. . Perhaps more important than the use of sedativesu is

the of time—honouredl psychotherapy of ) the benefit of an' i

,nding, supportive and encouraging role of the pati:ent—physic.ian’

B r

ship. Thu's, sedat;ives,\' tranquilizers ot mood—al‘tering drugs

should not be given unless there is some reason other than the ulcer “For

‘u .

‘t'heir use in a gifEn patient. ’ ' ) ' g L :

5. Drugs

Numerous observations allrtestify to the potential harmful nature

3 . .52

o}; aspirin and ASA—like compounds in patients with gastric ulcers as T

.

-

well as : generalized 1njuriou‘s effect of nonsteroidal ant:i inflammatcy;y

agents on the upper gastrointestina_l tract of persons‘ who do not glve a

(9
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history of a previods ulcer diathesis (294,406). At - least one third of

-

ulcer patients develop dyépepsia following the iggestion of aspirin,

aspirin-containing products,' and other non-steroidal anti-inflammatory

agents.' The chronic ingestion of aspirin possibly leads to the
[ 4

formation of a gastric ulcer in a small “number of chronic users

(89,94,142). Chronic ulcer symptoms and/or disease may be more common

x,

ATNE

in patients with rheumatoid disease, but 1t is unclear whether this is
related to the -underlying collagen-vascular disease. No similar

association has been ' shown for duodenal ulcer or for duodenalr'.“

’bleedin'g.“ H'owever, lack of proof does not prove that an association may, ‘L
. o

not exist. It is unclear whether ASA actually causes ulcers de novo or\’a
causes- "ulcer recurrence dn fa’ person with ulcer diathesis. It is alg a.
o 3 -l

unclear whether the communly recognized ASA-related bleeding (358,521) ¢

_ ®
is more ﬁ,ﬁten from the 'd‘eﬁe,lmpment O‘f' erosive gastoitis, or the o
‘ SN BBy _ . : _
“'k'! ‘3 ¥ ( ; .

initatipn of bleeding frorn R ‘Qm‘evexist‘:‘mg ulcer. It is also unclear:"
SN

whether adaptive cytoprotection occurs in a person chronically consuming.

~ASA. Large total doses ofv’adrenal corticosteroids may. not necessarily

lead to an increased incidenjce ~<’s_t‘r’ic or .duodenal ulcers (110).

- 7 s
. SR

There is no evidence for ordagairfét the idea that use of the_h-';usual doses

of anta:cids, Hyp blockers or sucralfate will reduce the risk of an ulcer

developing,in the patient who requires steroids or NSAIA s. Therefore,

-restriction of aspirin NSAIA and steroid intake is prudent in the.

- r

patient with known ulcer’ disease., ' B

DRUGS USED FOR THE TREATMENT OF ACID—PEPSIN DISORDERS . st .
3 R ’ Clarw

- Some double-blind endoscopically controlled clinical trials have

o™
D



- acid-pepsin disorders.
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established that numerous pharmacological agents aré better than placebo

in accelerétihg ulcer healing. The classification of these medications

.1s based upon their site of action on acid secretion. 1In North America,

the medications whicﬁ-‘ére available for the treatment of acid-pepsin
disorders include the Hy-receptor antagonists (cimetidine, ranitidine),
anticholiné;gics, sucralfate, and antacids. Other effective agents ire*

e o

. . ot . .
available in other parts .of ‘the world, and include the%astrin
[V 4

proglumide, the antidepressant trimipramine, asfwellwas'cargenoxolone’

and TDB. .Synthétic prostqglandiﬁs such - as misoprostol and enpfostil"may

. © * -
be available in the near future for the effective and safe treatment of

* +

.
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gastrin release..
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Table 7
CLASSIFICATION OF THERAPEUTIC AGENTS USED IN THE
W TREATMENT OF ACID-PEPSIN DISORDERS q
NEUTRALIZATION Antacids
" CYTOPROTE CT TON" Prostaglandins -3
: Sucralfate.
Carbenoxolone ﬁi’ &
TDB s
wt/kt  ATPase o R Omep le
CYCLIC AMP g v Progtaglandins
. CALCIUM'KANNEL BLOXERS .
RECEPTORS  * Hy . Cimetidine ‘
. IR : - . Ranitidine
v : E _ ‘ Conventional Anticholinergic .
o 5. ‘ S L Drugs -
T A S ot ‘ Antimuscarini-c‘-'-Pirenfpi/ne%’.
S v _ , Gastrin ¢  Proglumide " : A
cNs ‘ ’ . . % . - Sedatives , .
a . . o - . . Antidepressants:

i

L . . _
. Ho,—Receptor Antagonists

a)' Qﬁmetidine

4

@

-

- released The volume of acid rises, and - thé?pH of .the gastric contents

o

Wy

W:fthn the thought and act of eating, both 'acid and gastrin are

alsolrises by about 2 units (328 332) _ The serum gastringconcentration.

‘initially rises,' then falls. The serum 4gastrin‘ cordcentration. may be
Lo ¥ : . )

Oreduced by, antral acidification, Sut the association 1is .not a. close -

,'fone.” The vbuffering, effect .of food is important, both "in terms of

K
o, k.

"’rneutralizing acid and in terms. of . buffering or breaking continued

E] : B ¢

Cimetidine is a competitive antagonist of histamine s action at the»v

T

"4 %%'HZ receptors. . It inhibits gastric acid 'output,v volume - and pH in

f’feSponse to- all known stimulants of acid sectjgdon .(190). " The Hy

A\

\ LI ' ’ .
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blocker cimetidine retains the ‘imidazole ring of  histamine, but hasfa

s

modified cyanoguanidine side chain. However, the ring structure is wmot

obligatory for Lﬁé blockage, since ranitidine, a highly potent HZ‘

blocker, has a furan ring. The action of cimetidine may be prolonged if

it 1s taken with food (435), but there 1s no close correlation between

blood levels of cimetidine Aand the pH of the gastric contents (331)

fl
1

Cimetidine ‘reduces the output of basal and stimulated acid and pepsin-

secretion in normal healthy subJects, as well as in gastric and duodenal_

4

ulcer patients ‘(332). ‘ The absorption of cimetidine_ from (the

g strointestinal tract 1is good with peak plasma concentration occurring

%proximately 90 minutes after orai)administration (431) The half- lifej'

4

of cimetidine in bloodvis about two hours. Systemic bioavailability is3

approximately 70/ with cimetdine and 50/ with ranitidine BotH‘drugs

demonstrate biexponeétial efimination ‘curves from the plaama after
intravenous administtation and ~a bimodal curve . after ofél

5

, A ! - : ‘ : T Y
administration, which - is probably the result of;'enterohepatic

circulation. This bimodal pbak may not be séen after fOur- or twoLtimes

»

a day Adosing (331) + The elimination 4half lives Cof cimetidine and

ranitidine “are '1.7—291 hours ‘and 2.1—3.1 hours]| respectively, with

apparent volumes of distriBUtion‘ approximately' 50 L and /75 L

I I . .4

respectively.' Both drugs ‘are eliminated, largely ,unohanged; /Lia' thei
. a T ' " L

2, .

PO . . L
-

& : . . !

kidneys.

’ liver disease (545), and in patients with renal insufficiﬁhcy/ the half—
ya

iife of cimetidine in blood is prolonged. It has- been suggeste& that"

/

‘the dose of cimetidiﬂ&‘be decreased in these patients, and that dialysis

»

o
patients should receive vtheir; dose of cimetidineg aﬁter rather. than

——— '

d.

The half- life of cimetidige is reduced in patients wiz; severe :

!



&

betore thefr hemodialvsis. However, the effect of varving doses  of
. c . i S : - ‘
clmetidine on gastric acidity f{m patients witth renal insart fofency has
not yet been reported, so that this supgestion of the need to ad just the
plasma councentration of cimetidine must he made with caution. This s
of particular {nterest since the plasma  pastria levels are high o in
1

patlents with renal faflure, since anv excess cimetidine is romoved by

dialysis and sinc; there Is a poor correlation between plasma levels of
cimetidine and the pli of the gastric contents in patients with duodenal
ulcers without renal (nsufficionecy. /

Cimetidine and metiamide markedly reduce basal and nocturnal acid
secretion (216,230,324,334,367), yet less than 307 of the overnisht pH
values will be greater than 3.5 (331). Cimetidine inhibits acid
secretion in vresponse to all known gastric stimulant¥  bur  most
importantly, cimetidine reduces the gastric secretory réﬁponsc to tood
(216,331,434,435). With cimetidin? 0.8-1.6g/day bid taken bv mouth by

~

atients with DU, about 20% and 40% respectivelv of the pH values are
P 3 P 2 t

equal to or greater than 3.5 (331).

Cimetidine partially restores gastric secretion, where elevated,

towards normal. That is, in the IU patient who is a "hyvpersecretor" in

response to pentagastrin, histamine, or to food, the amount - of acid

secreted per unit time (mmol/hr) is returned towards normal levels. In
4

contrast, most DU patients have the same concentrations of acid in their

stomach - around the clock, after meals and during sleep - as do

patients with gastric ulcers, gastroesophageal reflux disease, and

indeed as do healthy vdlunteers. In these non-hvpersecretors, the
concentr. _ . 5 of acid are reduced following Y, blockers to normal

levels. -.:ls opens for discussion the second dilemma: how much acid



RIANE

o

{nhibition is necessary for the relfef of pavin, and tor ulcer healine?
Until this question is satisfactorlily resolved, there 1is little majof
implication which/can be drawn f{rom comparisons of the relative acid
inhibitory effect of these various receptor antagonists. For example,
relatively weak anti—secre&ory prostn%lnndins ncéelerate ulcer healing
at rates comparable with the most potent anti-secretory agents (73).
After chronic cimetidine thevapv, pgastric acid secretion 1is not
enhanced. That is, there 1¢ no evilder-e of aéid rebound following a
course of cimetidine. Anima; st _. b2 shown that there is no change

in the parietal cell mass a. - 1. months of c¢imetidine treatment:

(304). Indeed, 1in duodenal ulcer patients, Bbtb\ the" mean peak acid

Ry
output and the mean maximal acid output were 25% Tower after three

months of therapy with 1.6 g cimetidine daily (497,495). This suggests
that there may even be a. decrease in the parietal cell me fter
prolonged usé of cimetidine (79).

The fasting serum gastrin concentration is probably unaffected by
cimetidine, but the food-stimulated gastrin-response is greater than in
patients not taking cimetidine (323,331,420,432,434,435). This high
gastrin-response In patients tak;ng ciﬁetidine is relécad only 1Iin part
to the reduced acid-inhibitien af gastric secretion. In patients with
/DU, cimetidine ~do”és aot affect'Athe rate of gastric emptying o} of
pancreatic e&zyme output after meals (323,434,435).

The clinical significance of these acute changes in post-prandial
gastrin concentration are obscure. The effect of cimetidine to increase
serum gastrin levels may be partially due to the elevation of

intragastric pH (432,434,435). Wheﬁ the degree of acid inhibition was

comparable in response to food in patients given cimetidine or a



synthetic prostaglandin (330), or.in response to histamine-stimulated

"

acid secretion in rats given cimetidine or Y.-11170, a new chemically

distinct Ho-receptor antagonist (397), the serum gastrin respoases to
food were significantly greater w{th cimetidine. This suggests that the
increase in serﬁm éastrin levels by cime;idine { . not due just to the
chemical nagure of the antisecretory agent or to the elevation of
intragastric pH, but {is probably due in part to a direct effect of
cimétidine on the release of gastrin. 0f importance, basal and
stimulated gastrin levels did: not change after three months’ treatment
with cimetidine (497,498). (

Cimetidine 1s no ‘better than placebo In the relief of pain iJ
patients with GU (334),'and is equivalent to antacid in the immediate
relief of pain. In patients with DU, cimetiéine is equivalent to or
possibly better than placebo to relieve daytiﬁe and nighttime pain

.o C
(54,64,188,190,223).

Cimetidine, 1.0-1.2 g/day -for 4-6 weeks, 1is useful to heal GU
(167,169:244,479,534). Similarly, cimetidine 0.8-1.6 g/day. for 4-6
weeks,  is effective in the endoscopically—proven ‘healing of DU
(27,29,32,54,60,64,188,189,190,220,223,478). In the Unlﬁed States,
cimetidine'i; significantly more effective tharn placebo ig the healing
of duodenal ulcers at two weeks, and at all time periodg in Europe
(190,194). The striking disparity is between the .American and the
European placebo-healing rates. Bardhan (26-32) has teviewed 20 double-
blind placebo-controlled studiés of duodenal ulcer healing, and has’

[«

found that cimetidine significantly increased the percentage of duodenal

~

ulcers healed (75%) compared to placebo treatment (38%) in 4 to 12

weeks. In the one reported blinded trial of cimetidine in the treatment



of gastric ulcer, 69% of patients taking cimetidine healed in A;weeks,
whereas in the placebo group, 37% healed within the same time periéd;

It must be stressed cha; widely @ifferent rates of ulcer healing
“have been reported: after a Eour“week course, of cimetidine, healing
rates range from 59% to 85% for DU (54,60:64,151:188,189,320,542,476),Ad
and froﬁ 69% to 83% for GU (4,16,98,129,148, 167,169,233,244,479). The_
literature 1includes numerous possible explanations for fhe different
healing rates: variations in dose, or therapeutic regimen, cohcomitant
use of antacilds, poor'patient compliénce, hypersecretory states, pyloric
stenosis, . interaction With;, other drugs, smoking, alcohol, and
ideopathig, i.e. "slow healef;" (30,60,6A,187—189,220,223,496). Also,

.

the- placebo-healing rate varles widely, andi the explanation for _this
phenomenon remains uné}ear. e N

éimetidine‘600 mg‘bid is és effective as 300 mg qid in accelerating
duodenal ulcer healing and relieving pain (393). Cimetidine given as a
single nocturnal dose of 800 mg is at least as effectiveAas cimetidine,
400 mg bid, in prompting the healing and. alleviating duodenal ‘ulcer
symptoms (124). Also, cimetidine, 300-400 mg at nighttime, is effective
in preventiﬁg ulcer recurrence (396). " No increase in uléér recurrence
rate was noted in patients whb initi;lly heéled with cimetidine or
placebo. Indeed, cimetidine may reduce the frequency of relapse after DU
healing (31). N |

While cimetidine is_clearly indicated for the tgéatmén; of DU and
GU, as well as géstroesophageal reflux disease, there is widespgead and
océasionaiﬁy indiscriminate use of cimetidine’ (471). ‘However, many

patients with chronic ulcer disease will have frequent recurrences of

symptoms, and it may be argued that the use of ﬁz—blockers may be



appropriate 1in this setring, .without performing fréquently repeated

endoscoples.

b) Ranitidine

Ranitidine has a furan ring in place of the imidazole ring of
cimetidine. Ranitidine 1s at least twice as-effective as cimetidine
against basal—'and'gastr;n—stimulated acid secretion, on a weight-for-
weigh£ basis. Twenty-four hour ;ngragastric acidity and nocturnal acid
output were measured in 12 patients with chronic duodenal ulcer éisease
(184). .Ranitidine 150 mé~bid or 300 mg ﬁocte, was significantly @mré
efféctivé at'dec;easing intragastric acidity and nécturnal acid output
.thén cim;tidine‘;DO mg bid or 300 mg.nocte. There was no difference
between twice daily ranitidine and nighttime ranitidine, or between
twice daily cimetidine and nighttime cimetidine, in the reduction of
intragastric acidity. " |

In the United States, a large multicentre trial démonstragéd the
superiority of ranitidine plus antacid §ver'p1acebo plus an;acid in the
healing of duodenal ulcers after 2 or 4 weeks of treatment (224).
vNumerous 6ther international studies have also confirmed thg'acceleratéd
rate of healing of gasfric and duodenal ulce;s. With raﬁitidine, the 4-
week hea}ing1 rate for GU varies from "63-86%, and from 71-90% for. DU
(71).

A European milticenter study comparing ranitidine gnd cimetidine in
292 patients QiEh gaStric‘plcer revealed similar healing -rates at 4-
(69% and 59%, respectively) and 8-weeks (90% and 88%, respectively)
(365. Approximately similar 4- and 8-week healing rates for gastric
ulcer using ranitidine and cimetidine were .reported in an Australian

study 1including .44 outpatients - with endoscopically proven lesions

.



e

(264).

A recent study perfoymed on 109 patients with endoscopically pro&en
DU Sere prospectively rgndomized double—blind:to receive ranitidine 150
mg bid or 300 mg before bedtime. After four weeks on ran;tidine, 847
healed on the bid’regimen: and 95% healed”on 300 mg nocte (106). Thds,
ranitidine 300 ng administered as a single nighttime dose for the
treatmenft of duodenai ulceration, is a; least as good as, and probably“
getter than the coﬂventiqnal 150 mg bid.\ An italian multicentre study
has confirmed the benef&t of this simplified once*a-day dosage re%imen
(130). o ’ : .

Not;all ulcers heal wﬁth ciﬁetidine, and'pat;ents are now‘apﬁearing
who are .resistant to healing and to suﬁpression ‘of' acid secretion )
(268). Thére‘have been three reports of ranitidine ﬁealiné cimetidine
resistant ulcerb after 4—8‘weeks of therapy‘(82,370), with healing rates

varying from 50-83%. Thus, ranitidine, 150 mg‘twice daily, 1ingreases

the rate of healing of duodenal and géstric ulcers in about 907 of
Py e ‘ :

‘patients treated for dp to two months. Ulcers resistant to ranitidine

treatment are uncommon and ranitidine heals ulcers resistant to other
[ ' A»' . :

drugs, e.g. cimetidine (71)7°

The decision to use ranitidine or cimetidine remains controversial
G310,352). Major differences between ‘these’ agents are found in

cimetidine's biological activity at sites other than the -gastric Hy~

receptors, resulting in adverse events, the greater convenience of theé

- once or twice a day dosing with ranitidine, and the lower rate of

breakthrough ulceration 1in patients on ranitidine versus cimetidine

maintenance (Table 8).

v 5



Table 8

' POTENTIAL ADVANTAGES OF RANITIDINE VERSUS CIMETIDINE

1. ADVERSE EVENT PROFILE, ESPECIALLY LAX OF
. - .o

[3

'l‘)RUG INTERACTION

e

2. (QONVENIENCE OF.ONCE- OR TWICE-A-DAY TﬁERAPEUTIC
REGIMEN h
3. LOWER- RATE OF BREAKTHROUGH ULCERATION WHILE ON
MAINTENANGE THERAPY o
In summary,‘thekHZ receptor antagonists represent the gold sféndard
for the treatment of peptic ulcer .disease. Ranitidihe hés several

’ ; : .
potential advantages over cimetidine which may prove to. be sufficient

reason for ranitidine to be the Hy blocker of fhoice.

Adverse Event Profile of Hy, Receptor Antagonists

ABout 30% of patients taking placebo for the treatment of peptic
ulcer ’aisease will have uwinor side ‘effects, and the saée minﬁr and’
'insignific;nt side gffects QAy occur with the H2 blockers. Worldwide,
pre- 4nd post—marketiné.surveillance has shown cimetidine to be a safe
medication (354), a péint which must be stressed when considering the
t;tally disproportionate degree of interest shown in Ehe rare side

effects. These side effects é:e»summarized in Table 9.

q?

e



“*Table 9

SIDE "EFFECTS OF CIMETIDINE (McGuigan, 1981)

CNs

Hematological

Endocrine

Liver

Kidney

= .

-

- mental-confusion, somnolence, lethargy,

restlessness,” disorientation, agitation,
hallucinatioﬁs, twitching,'éeizure§,
flushing, unresponsiveness and apnea;
more common in young and old, and in .
pétients'with imﬁaired hepatic and renal

function

bradycardia

neutropenia

immune response

\

antiandrogen "effects: gynecomastia, loss of

1libido, impotence, reduction.in sperm count

hyperprolactinemia: N

galactorrhea

mild and reversible elevations in serum trans-—
aminase levels

adverse drug-drug interactions

-mild elevations invserum creatinine

e
~1

i
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Indeed, cinr idife' has an enviable record of clinical safety,
despite .the litany of porential and actual side effects. 1In a small

number of tases, cimetidine has been found to cause granulocytopenia,

4
H

-gynecomastla, transient male sterility, mental confusion, and”adxerse
oD ‘
'drug-drug interactions (354).
Cimetidine crosses the blood-brain barrier, and this {is presumably

¢

the basis for the: mental confusion sleepiness,. or nood changes which

have been reported, particularly in olucr people with impaired\ ren.l
function (473). This adverse event is very much leus common with

ranitidine than with cimetidine. Cimetidine is krown to modulate the

immune response by decreasing T- lymphocyte function via blockage of Hs
receptors (12,442). The rise «4n serum creatinine is of questionable
c¢linical significance" except in the patient with renal failure
“Ranitidine does not affect the WBC and does not alter renal function.

| of importance cimetidine, but not ranitidine, interacts with the
hepatic microsomal enzyme systems thereby reducing the activity of
these systems and altering the clearance and enhancing the tox1city of
many drugs such as theophylline, warfarin, propranolol and diaaepam
(127,248,269,426).. The ‘degree to which cimetidine deer@ases drug
clearance " is dependent uppn the fraction of drug eliminéted by the
inhibited metabolic rates,.the route of administration for high hepatic
extraction drugs, and | indiuidual patient characteristics (422).
Ranitidine has a very low binding affinity for cytochrome P-450, and at
therapeutic doses does not decrease’ the clearance of those drugs which
are -affected by adverse (drug drug) interactions with cimetidine.

Therefore, the dose of .numerous medications such as anticoagulants,

bronchodilators, hypnotics, antihypertensives - and anticonvulsants need

<



to be lo&ered in patients taking cimetidine in order to prevent toxic
. ' N ‘ . ) -
side effects from these medicatﬁons. ,The dose of cimetidine canmot

reasonably be reduced to prevent these interactions, since the ulcer for

N N
‘which the Hp blocker was prescribed may then fail to heal Indeed,‘when

Q\Q
patients are on cimetid—anr

Lu%\ a second or ‘third Lnteracting

medication,\it must be stressed to “the patient that it would be unwise

for them to abruRtly change the dose or to stop taking their cimetidine.
g '.QQ
Cimetidine and ranitldine decrease indacyanine green 6learance, but -
$

‘this does not necessarily indicate a significant effect on liver'blood

oo

flow. | Hypersensitivity" hepatitis has heen reported in one patient
exposed to. cimetidine ort several occaslons (545). o

Recent studies have reported that 8% of wmen with gastric
hypersecretory disorders treated with high dgses of cimetidine develop
impotence, gynecomastia; and breast tenderness (252,351). Gynecomastia
and transient sterility are attrtbuted to the fact that cimetidine is
antiandrogenic and competitively inhibits testosterone binding to
reoeptor sites. As a result, less than 1% of men chronlcally taklng‘

high doses of cimetidine may‘-develop painful “enlargement™ of the
. . i . : . "

breast. Gynecomastia has been reported however aftdr lower doses used

-

for shorter- periods,\ but . the condition quickly disappears when the
edmetidine . 1s discontinued or - when ranitidine is substituted.
- Clmetidine, but not.ranitidine, inhibits penile erectigon in rats. In

males with gastrinoma maintained on high doses of cimetidine, impotence
has been reported. Cimetidine produces a rapid Aise in plasma prolactin

. : ' S— .
in both normal and amenorrheic women (91,347). Intravenous but not oral

-

cimetidine raises the serum prolactin leyels.

While peptic ulcer disease is rare ddring pregnancy, pregnant women
i
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frequently experience gastrointestiqal symptoms, due at least in part to
the, reflux of gastric, 6 acid into the esophagusi and to gastriec atony.’

The use of cimetidine 1is not“recommended‘during pregnancy. A recent

-«

- study has focused on the adverse‘early and late effects of cimetidine

but not ranitidine on sexual function of male rat pups whose mothers

23

were given H, blockers during pregnancy: reduced anogenifal distance,
weight of testes and ventral prostate-seminal,'vesicles, ‘reduced

testosterone ' levels, .and diminished sexual behavior (403). While these

-

~ results cannot be difectly applied to man, the work does raise  the

concern .that the use of cimetidine by pregnant'women might result in

\
iy

unwanted feminization and adverse long-term sexual behavior in the male

offspring of such women. ’ - ¢

Other Potential Side Effects of H, Receptor Antagonists ¢
1. Absorption
Absbrption across a membrane is generally favored when a drug is in

?

its un-ionized form. Increased éonjugation*could result In decreased

drug absorptiqn. Increa§ed gas;rié pH resulting from Hyo—antagonisy,
administrétion ‘may also prevent -the degradation ofo acas labile
compounds. The bioavgilabiliEy of the antifungal Ketoconazoie’ is
"reduced ‘when administered .two hours following cimetidine. It is
disputég whether cimetidine iﬁterfereé w;th the absorption of
tetracycline but it is senerally agreed that the absorption of protein-
| bound cobalamine but not the crystalline Avitamin B12~ is reduced by

therapeutic doses of cimetidine. The only study in which the effects of

ranjtidine on drug absorption have been evaluated demonstrated an

[ LS
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enhancement of the ~absorgtion of ;the water-soluble 'benzodiazebine,
midézoiam.
2. Nitrosation «

‘Nitrosation of cimeti&ine %may occur  'in the stomach, and the
intermittent reduction in the intfagasér;c aci&ity occurring in‘pat%gdts
‘t;king cimetidine hés raised the issue of whether 1oﬁg4§eF@ therapy with
Hy bloékers may bredispose to fhe development of/gastfic capéer; Many
foodsﬁ”,drugs an?g beveragesl undergo  ni§rosétion, manymramines are
‘_ﬁitrosatéd, and Eﬁe résﬁlting nitrosamines may bé carciﬁogenic
(366,381,42?,455). There 1is “no ‘final ah§wer 'toh this theoret;cal
vcon&ern, but most authorities would agree Qith the judicious long—%erm
' uséy 6f Hy-receptor antagonists in carefully sele;ted patients with
peptic uicer‘diSease.;

SUCRALFATE

Sugralfate. 1is a‘ basic aluminum salt of ' sucrose ocgagulfate;
Sucralfate‘is a ﬁoten; anti;ulcér drug-(342,345,349) énd is effective in
re&dcing »tﬁé reéurreﬁcé raté of gastric "and 5uodenal ulcers . On
encoﬁn;ering gastric -acid, sucralfate becomés a highly condensed,
vigcousv'substance with the capaclity to buffer acid (583,384,523).
Sucfalfate fotmé éompiexés with proéeins and prevents their hydrolysis,
by preventing ‘pépsin4substra£e iﬂperaction; Sucralfate also inhibits
peptic activities by ﬁirect adsorption of pepsin. Fiﬁally, sucfalfate
adéqrbs bile é@lts.' Neither food nor antacid alters—the selective
binding of sucralfate to ulcer é;teé €182). Sﬁcfalfaté has a proteétive
effect on the 'gastric mucosa of réts exposed to . ethanol or taurocholic
acid ;209)". g |

Sucralfate 1is superior fo'placebo and equivalent to cimetidine in



LN

sucralfate was found to be statistically ‘superior to placebo and

.who had been treated with other drugs. This raises the exciting

2380

- o . B

the symptomatic Luprovement and healing of gastric and duodenal ulcers

v

ln patients studied in the United States, Taiwan, Austria, Canada,

Finland, Holland and Belgium (217,228,283,345,414,513). For example, in

controlled studies eonducted ontside the .United States, in 299 patients,”

~

\/

- ’ . ] .
-equivalent to cimetidine in ulcer healing (342,344,355). Hollander et

rl

al, ia a recent U.S. multi-cefiter .study utilizing ~endoscopy, found

sucralfate to be superior to placebo in a study’ of 55 pa;}ents after &

.

weeks treatment (228}» McHardy (355) reported on 216 outpatients with

duodenal ulcers: sucralfate was superior to placebo in ulcer healing

and teduction in both diurnal and nocturnal ulcer pain. In a review of

-

i
the world literature og ten years clinical experience with sucralfate
(l58,245), only constipation and mouth dryness were slightly wmore

frequent than in control sub jects.

The recurrence of duodenal ulcer over a one year period was twice

as great when patients were taking placebo as compared with s

(378). Patients whose duodenal or gastric ulcers healed on

cimetidine relapsed earlier than did those whose ulcers had healed on

sucralfate, but the cumulative ‘relapse rateuby the end of one year was
abodt 707 in both groups (339). The mean duration of remission. in
patients who developed a recurrence was significantly greater 1in

patients treated initially with Sucralfate than 1in those treated

initially with cimetidine - 7.3 and 4.6 months respectively.

Furthermore, when patients with healed duodenal ulcers were maintained
‘ : 4
on placebo, those who had been initially treated with Hy-receptor

blockers for acute ulcer had significantly more relapses °than patients

°



possibility that sucralfate may alter the natural history of peptic
ulcer discase, at lcast in the short term. The remisslon rate at 6
months (102,309), or at 6 and 12 wonths (378) In a large number of

t
patients with duodenal ulcer maintained on sucralfate, was superior to

that achieved by placebo.
No difference 1In relapse rate was found in 55 gastric ulcer

patients mainvalined for 6 months on sucralfate or placebo (102).
v
In summary, sucralfate is highly effective for the treatment of

. peptic ulcer disease and represents one .of the first-line therapeutic

drugs of choice.

ANTICHOLINERGICS

A muscarinic action occurs at the neuro-effector junctions of all
postganglionic cholinergic fibers. A nicotinic action occurs at the
ganglionic synpases and the neuromuscular junctions. Atropine has no
effect on 24-hour intragastric acidity or nocturnal acid output when
given alone or in combination with cimetidine (418) or ranitidine
(108). In contrast, propantheline bromide, isoproamide and pirenzepine
each reduce acid secretion when given with cimetidine to a \gréater
extent‘ than when the latter is given alone (25,329). Thus some

synthetic anticholinergics may be more effective than. natural belladonna

b4
alkﬂ‘oids‘ in near-maximal tolerated doses, in reducing acid secretion,

or enha: :ing the effect of Ho~blockers.

~nt cholinergic drugs are used to . - »it compétitively\the-effects
of =~ “"+“lcholine released from pqstganglionic parasympathetic 1nerves.
Interdigestive and food-stimulated acid output 1s depressed (53) by
about one third, wusing doses of anticholinergics just below the

tolerance level. For mosf anticholinergic drugs, a sufficient dose of

[
-



these -tertilary or guarternary compounds which reduces gastric secretion
wlll also fnduce puptllary dilatatlon, bladder obstruction, a dry moluth,
and glavcoma {n the susceptible person not taking miotics.

Oral administration of ant{cholinergics at the optimal therapeutic
dose reduces basal acid secretion by 50% {33,141)f reduces the
histamine-or gaétrin—stimulated acid secretlon rate by about 40% (141),
and reduces the food-stimulated secretion rate by about  30Y
(53,108,368). There 1is only 1limited evidence supporting the use of
anticholinergics in the rellef of symptoms, healing or prevention of
ulcer disease (14,247). Adding bedtime anticholinergic to an a;tacid
regimen is not associated with significant lmprovement of duodenal ulcer
healing rate (73). Glaucoma, obstructive or neurologic uropathy,
gastric retention and severe inflammatory bowel disease are
contraindications to the use of antichélinergic drugs.

Pirenzepine 1s a newly developed anticholinergic drug which
differentiates . between the muscarinic receptors in various organs,
binding with a high affinity to the muscarinic parietal cells, while
only binding weakly with the rgcepto;s of other exocrine glands or
smooth  muscles (56,205,404) .. Pirenzepine inhibits basal  and
peﬁtagastrin—stimulated acid secretion in man (79,84,147). It has no
effect on intragastric pH but doe; potentiate the effect of cimetidine
on intragastric ut activity (329). With correéction for pyloric loss and
duodenal reflux, pirenzepine was associated with a reduction in basal,
maximum and peak acid output, basal and maximum acidity,‘and basal aﬁd
maximum volume (424). Cimetidine 4001 mg showed ‘about fwice the
inhibitory activity of pirenzepine 50 mg on basal and ::}mulated

secretion. In another recent study, pirenzepine was shown to have no
) . 8



_signiticant effect by itself on acld output or concentration vvernight
or in response to food, but did enhange the ‘cffect of cimetidine
(329). ﬁondong et al (321,322) also studied the combination of
cimetidine and pirenzepine, given intrayenously and In a .ratio Of,
~10:1:, almost complete acid inhibition was obtained but some patients

developed unpleasant and unwanted muscarine side effects.

1

\\

In a single:blind controlled Austrian multi-center study involving
126 patients with duodenal ulcer, .the efficacy of pirenzepine 50 mg bid
in ulcer healing and pain relief was comparable to cimetdjne, 1 g/day
(83,84). This confirms che‘ results of other controlled studies
(23,50,115). A recent review o% double-blind, therapeutic studies has
revealed healing rates of ulcer at pirenzepine doses of %90—150 mg/day
of between 54-84% in trials with 718 duodenal ulcer patients and 630
patients Qith' gastric ulcer (526). The 1ncidence of thel expected
parasympatholyte adverse events was low: Thus, pilrenzepine, given Ey
itself, accelerates the healing of duodenal and gastric ulgers. It
needs to bélestablished whether pirenzepine should be used as a first

-

choice medication in the treatment of ulcer disease, or whether it

o

should be used in cowmbination with Hz—blockers.

ANTACIDS ’

Antacids are chemicals that neutralize the hydrochloric acid
secreted by the gastric parietal cells. Numerous studies'haye shown

accelerated ulcer healing in patients who ingest enough antacid to

5

neutralize gastric contents (229,317,408). Although antacids are

«

recognized as being useful for ulcer healing, their efficacy in

reliexing the pain of ulcer disease has been questioned (510,512). This

holds both for the relief of an episode of pain and for the reduction in
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7 the dumber of symptomatic days by- a course of antacid or placebo. The
major goals of antacid the%apy are to redﬁce the acidity of \gastric
contents, to reduce the load of acid delivered into the duodenum; and to
diminish peptic activity by Increasing the luminal pH above that acidity
which 1s optimal for proﬁeolysis. Pepsin 1s inactivated at pH's above
2.3-4.0, depending on the substrate usea to‘measure\the peptic activity

(185). With the reduction in acidity and peptic acitivity, antacids

‘ghould accelerate ulcer healing, and Hopefully lmprove symptoms of pain.
\

Chemical Basis of Antacid Action \
S\

1. Sodium Bicarbonate ' \Q
A

Sodium bica}bonate is water soluble and rapidly undéygoes this

. A\
. AN
reaction in the stomach: ‘ A\
‘ \
A\

NaHG)3 + HCL + NaCL + Hzo + C02

Because sodium bicarbonate can produce alkalosis, promotes fluid

retention because of its sodium content, and because it 1is rapidly

emptied from the: stomach owing to its sdlubility, sodium bicarbonate is

not recommended for long-term use as an antacid.

2. Aluminum Hydroxide. 5

Aluminum hydroxide is relatively insolubie\ii water, but the slow
approach to equilibrium to form chloride salts and the foérmation of
complei hydrated iipns makes the situat;on' complex (336). Alum;num
hydroxide reacts with hydrochldric acid in the stomach to form poor}f—
absorbed aluminum chloride. When present in adequate amounté, it r%ises

gastric pH to 4 t- 4.5, neutralizing approximately 30 mEq of hydrogen

ion per gram of aluminum hydroxide. It may‘ inhibit gastric' smooth

muscle contractions (212,213) sufficlently to delay gastric emptyiné;;

this effect of aluminum-containing antacids on smooth mugcle is thought

)

o



to take place as a result of the aluminum interfering with calcium’

fluxes and excitation-contraction coupling in infestinal smooth muscle

(213).

Aluminum 1is poorly absorbed by the small bowel but detectable
plasma aluminuq‘voncentratiéns after aluminum~-containing antacidshhave
been reported (258). Circulating aluminum 1is cleared .by the n;rmal

kidney; increased deposition in tissues has been observed (428).

)
Aluminum hydroxide biq%%@bile acids (318), .which may contribute to

IRAS

its antidiarrheal properties.
Drying bf. the aluminum hydﬁoxide gel causes it to Dbecome
‘nonreéctive aﬁd ineffective as an antacid. Depending, upon the
manufacturer'slprgcess,‘there are great diffe;enéés in the solubility of
different -pfeparatioﬁs_ in acid soiution and thus there may be wide
variations in the rat;' 0f, neﬁtralization of gastric acid (76). " The
,§6lubilitv of aluminum decreaées as the pH is raised. Small amounts of
aluminum are likely absorbed from tgé intestine (258). Aluminum
absorption may be pérathormone—depehdent (335) which may account for the
aluminum retention that has been shown to occur in some patients with
;hronic brenal disease who . take aluminum hYdroxide' to . treat

hyperphosphatemiav(5,44). Under these circumsténces, aluﬁinum-toxicity

has been claimed, and phosphorous depletion may odccur (76,101).

Aluminum hydroxide gel (Amphojel) contains 640 mg Al(OH)3 per 10
§ : . ,
\ml, which will neutralize 19.3 mEq H+, i.e. 5.2 ml AL(OH)3 is needed to

heutralize 10 mEq of Ht. Each 10 ml contains approximaﬁely 13.8 mg of

12

sodium.
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3. ‘Calcium Carbonate. Calcium carbonate reacts with hydrochlbric acid
in the stomach t0‘f§rg calcium chloride. When present in excess, it
.raises;gastric pH to 7.5, while neutralizing approximately 13 .to 17.5
mEq of hydrogen {on per gram of calcium carbonate. Each 10 ml of
Camalox® contains 500 mg Ca003;n450 mg Al(OH)3, and 400 mg MgO. This
will neutralize 35.9 mEq ofxﬁf; 2.8 ml is required to neutralize 10 mEq
of HT. Despite its potency, calciﬁm carbonate may produce a‘numder of
systemic complications, presumably due to the absorption éf some CaClz;
especilally as gastric acidiﬁy is increased (246) This. leads to
hypercalcemia, the milk alkali syndrome, and acid rebound. Acid rebound
in the stomach has been showﬁ to occur after the neutrélizing cépacity
of the calcium carbonate has been éxhausted (38,161). Acid secretory
rebound, which may be mediated by gastriﬁ release, }robably is due to
the local action of calcium on the parietal cells (231) in addition to
systemiéﬂhypércalcemia (42). Although rebound occurs more frequently
after highe; doses of calcium carbonate t& g), oral doses as small as
0.5 g -may eghance acid secretion 1in normal subjeéts (306).

¥

4.. Magnesium Hydroxide. Magnesium hydroxide 1is’' poorly soluble in

water, and reacts rapidly with hydrochloric acid in Fhe-stomach to form
poorly—absorbeq;magnesium chloride: |

Mg(OH), + 2HCl ~+ Mgtlz + 2H,0 .
Whén in excess, 1t raises gastric pH to over 9, while neutralizing
approximateiy 30 mEq of hydrogen ion per gram of magnesiﬁm hydroxide, or

2.7 ml of W' per ml of milk of ‘wagnesia. The imsolubility of Mg(OH),

may slow its emptying from the stomach and may prolong. its duration of

»

action (211). Only a small amount of the magnesium salts 1is absorbed

(211).
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5. Combination Antacids. Diffedelnces among thev various antacids
, —_— . N

relate to thelr neutralizing capacity (potency), their rapidity of

action with gastric acid; their gastrointestinal side effects, and their

systemic complications. \Extures of alumihum-, calciym-, and magnesium-

containing antacids frequently are diSpensed in an attempt to avoid the

4
4

undesirable properﬁies.of each COmponent,\@specially their effects on
colonic function. In contrast to aluminum hydroxide, which cannot faise.
gastric pH above 5, or magnesium hydroxide, which elevates pH to over 9,
combinations of these components maintain pH ét é maximum of 6.5 to 7.5
(145,162,163). .Al-Mg antacids are‘preferred‘ to NaHCO5 because of the
‘latter's high sodium content, short duration of action, and tendency té
‘produce alkalosis. Calcium-containing antacids are out of favor because
they stimulate acid secre;ion and ‘may produce hypgrcalcemia and 1mpaired
renal function. Milk is not a satisfactory antacid. Indeed, it
.stimulatéénacid-secretién (241) and when taken in excess it may lead to
the milk—-alkali syndrome and to atherosclerpsis. |

The sugar and sodium EOntent'of most antacids have been greatly
minimized (436) such that ﬁeutralizing capacity, cost convenience, and
‘palatability (446,474) are the major factors for selection of a liquid‘

antacid product. \l

C. Clinical Antacid Pharmacology

Gastric Acidity
he dggree‘to which each patient responds to ag;acid depends on the
empt ing of the antacid from the stomach, as well as on the

38s5: ~~ zory response to food. ' The acid secretory response to a
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meal, measured by in vivo titration to pH 5.0 in patients with duodenal
ulcer, showed that acldity was near zero for two hours after the antacid

was ingested, rising to only about 3 mEq/1 by i“TTours after dosing

(162). This compared with a gastric acidity of 70 mEq/l when patients

took water with the meal.

2. Dose-Response Relationships‘

The dose of ahtacid needed to achieve acid neutralization may vary
from patient to patient, depending upbn their‘acid.output in response to
foéd. Baéed on in vitro studies, it has been suggested that Patieﬂts
wHose maiimum acid output is.greater than 20 mEq/hr require 85—160 jgg,
of buffer, which 1is equivalenf”to 30 to 60 ml of magnesium hydroxidé or
magnesium/aluminum hydroxide mixtures (162). In normosecretor patients,
40-80 mEg, or 15-30 ml is considered to be an effective dose.
Patienté whose peak histémine response was greater than 24 mEq“per

hour ("hypersecretbrs") required higher -doses of antacid to reduce

gastric acidity than did those patients with a peak histamine response

-

"of less than 17 mEg per hour ("hyposecretons”).

~ 3. . Timing of Administration

Antacids ingested on an empty stomach are quickly evacuated and

theiraacid—neutralizing effects are briéf_(192—l94). When administered

with.meals, fhe ac;ion of antacids is more prblonged (162,163).

When an antacid mixture 6f aluminum and magnesium hydroxides,\such
as Maalox® or Mylaﬁta®,,is glven to patients after a meal, it produces a
sustained though flucﬁuating. increase ,OE intf&gas;ric pH (122). The
time of administration should be carefully chosen, for it is hecessary«
to take édvantage of the elevation'of‘intéagastric pH produced by the

diluting and buffering action of - the meal itself. By the end of the'.
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first postprandial hour,‘the intragastric pH 1is rapidly declining and at
that time Ingestion of a AOSe of antacid will be utilized most
effectively to reduce gastric acidity. By the end of the third
postprandial hour the pH is ‘declining again, since the first dose oé
antacid has already been partially consumed or emptied. At this'éime, a
second dose of antacid r;ises the pH again for at least an hour. It
would be expected that another meal and another cycle of antacid -
administration would follow at regular intervals;, thus keeping the
Lntragastrié pH almost continuously elevateﬁ. The results of the recent
study‘ of Mahachai et al (328) are of interest 1in this regard, and
demonstrate the efficacy of séven times .a day antacid 1in lowering
intragastric pH. This effect} is particularly noteworthy during the
daytime. Combining< antacids with cimetidine may prove to be useful

‘ o v ‘
combination therapy, with an increase in the number of pH readings at or
above 3.5.

Measufing £he effect of antacids on duodenal acid 1load 1is
bparticularly important since reduction of duqdenal acld load 1is the
major aim of antacih therapy in patients with duodenal ulcér diséése.
Furthérmore, duodenal acid load depends on efficiency of neutr;lizétion,
gastric secretion and gastric emptying. For abéut one hour after the
ingestion of a meal, negligiblg amqunts of HY ion enter the duodenum
(122).' This low duodenal H' load is due to buffering and dilution of
acid by the protein in the mgal. Aftef the first hour, the effect of
- the meal is rapidly diminished, duodénal acid load rises shafply and
remains high‘for several hours: AHowever, two doses of Maalox®'spaced

-

one and three hours after the meal produced a marked reduction in HT

’

duodenal load. - - .
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4, Relative Potency of Different Antacids

\The effective potency of antacids needs to be established
experimentally. The amount of O.i N HCl (;OO mEq H+/l{ pHl) that can be
‘added over a two—hour period to 1 ml of liquid ahtacids without reducing,
the pH below 3.0 (1 mEq H+/l) correlates well with relative antaciq
pétency in vivo in patients with gastric and duodenal ulceg (162-164).

The composition (Table 10) and the potency (Table.1ll) of comﬁonly—used

antacids varies widely.

D. Complications of Antacid Therapy

There are many (Table 12) but fortunately relatively uncommon,

complications ‘associated with. the chronic use of Al-Mg antacids

B

(5,18,80,235-239,316,325,539,546). -
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TABLE 10. (OMPOSITION OF OOMMONLY USED ANTACIDS

f“\ Composition (mg per ‘10 ml)
e \\:\\ o ' .
Name AL(OH)3 Mg(OH);  MgSis0g - Other Sodium
mg/10 ml
\
Amphojel 640 . : 13.8
Gelusil 500 © p000 16
Maalox 400 400 ) - 1.7
: ~ ' | ‘
Mylanta 4Q0 400 Simethicone 40 mg 23 ' . ,
_Mylanta II 800 800 o Simethicone 80 mg . . 8.2
Riopan Magaldrate 800 mg 1.4

/

<3

Composition and sodium content from Handhook of Non-Prescription
- e
Drugs. American Pharmaceutical Association, ed. 5, 2-17, 1977; or from

<

Schneider énd Roach (474).
w

TABLE 11. POTENCY OF COMMONLY USED ANTACIDS . '

N;me : mEq HY neutraiiied ) ml to néutralize
’ ) per 10 ml 10 mEq HY

Amphojei 19.3 » ‘ 5.2 .
éelusil 13.3 - 7.5 J
Mailox 25.8 3.9
Mylanta 53.8 4.2 .
Mylanga 1T ) 41.4 2.4
Rioban 22.1 | 4.5

G

Potency data from Fordtran et 31 (163)

7
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Table 12. COMPLICATIONS OF ANTACID THERAPY

SYMPTOM o CHEMICAL BASIS
Constipation ‘ " “ Al
Diarrhea - ‘ 1 Mg
Phosphate depletion ‘ | _ : - Al
Hypermagnesemia | i Mg
Néurological defects in chronic renal disease - Al
Sodium overload E - o _ Na -

Interference with drug absorption

a) Phosphorous Depletion S
"All aluminum-containing antacids, with fhg'exceptidn of alumiﬁum
phosphate, will form insoluble salts: of ﬁhbsphorous and will thereby

x, - :
reduce:*the rate of phosphorousrwabsorption. In patients with normal

——

1 . o — - ' .
renal fumeétlon a phosphate deplefion synd;SEE\EEYNfatel be observed.
Phospﬁate depletion is characterizedmby decreased phosph:t;\;;;;;;;I;;:\\\\\\$\\

decreased urinary phosphoyous, hypdphésﬁhatémia, and hypercalciuria due

to skeletal resorptibp (4995. Symptoms of phosphate deplefion include
anorexia, weakness, malaise and . bone pain. If sevére and erlonged;

phosphate depletion and incresed.'skeletal reSorptién can lead to’
~ osteomalacia, osteoporosis, and fractures.

a

b) Cation Absorption

\R%

Many commercial antaeids contain relatively large amounts of sodium’

and their use hay,be associated with fluid retention, particulary in



patients with renal insufficiency.
significant absorption of aluminum occurs in- normal subjects
ingesting alumingm hydroxide antacids (255;428).‘ In. renal failufe,
alumiﬁuﬁ levels can be quite bigh in plasmé, bone and muscle. Brains
! ~  from these ufemia patients dying of an encephalopathy syndromg also have

a high aluminum. concentration (5,539).

-Fi to ten percent of the magnesium Iin magnesium hydroxide can be

absorbed, but hypermagnesemia occurs only very rarely in patients with

renal insufficiency. Calcium can be ébsorbed when calcium carbonate

N . o

‘combines with gastric acid to form soluble calcium chloridé. Although
pancréatic. bicarbonate converts moét %f this back to the insoluble

cafbénaté salt, abdut 107 remains as c;icium chloride (101). If -renal
o

function is normal, chronic hypercalcemia probably does not occur if

ldss than 20g a day of éalcium carbonate 1is ingested (211). If renal

fdnctipn is depressed, hypercalcemia may develop with as little as & g

<

per day.
‘ h
c) Alkalosis
A1l antacids promote the development of a metaboliénalkalosis, to
some _'degree. . TInitiation of 4dn alkalosis depends upon the

\ff\f\\\>\\igreversibil%ty of the reaction of the antacid -with gastric acid, but

perpetuation of. the alkalosis depends upon 'impaired renal function

7(211). F8?¥\QX§E3L equivalentl‘of hydrochloric acid produced by the
R . / ‘ .

pafie;al cell, an equi?Elent\g{\E?dium bicarbonate is also produce
1 ' ' — ,,

Acid'is‘secreted into the gastric lumen’, and bicarbonate'is discharged

K]

Ainto the bloodstream. If the HCl is re-absorbed in the duodenum or “is

neutralized by pancreatic. juice, then(acid—base~balance is maintainéd.

|
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If the HCl s ‘neutralized by an antacid, it becomes unavailable for

K

elither re-absorption or reaction with pancreatic bfcarbonate, and
alkalosis,will result. This is,particularly prone“to occur with sodium
bicarhonate, since the NaCl produceq,in the reaction does notureact with
carbonate, phosphate, or.hydroxide ions.later:in.the gastrolntestinal

tract, so that no HCl 1s re-absorbed, and a base excess is produced.

d) Milk Alkali Syndrome

The milk alkali syndrome can occur whenever there is a high calcium.
intake combineo with any factor producing alkalosis, . Calcium can be
‘provided by ingestion of large auounts of milk ot large doses of calcium
carbonate. Alkalosis may- be produced by vomitlng, or by any antacid
taéen in large volumes. The main features of ,the syndrome are

hypercalcemia, elevated blood urea nitrogen and creatinine levels and

frequently the presence of alkalosis (356) ' -
.e) Acid Rebound .o ' o ‘ ' -
Food stimulates gastrin release and acid secretion. Normally

[

hydrochloric acid will then suppress further gastrin release and taking
¢

antacid will neutralize the acid and should theoretically "lead to
failure of gastrin suppression and more  food-stimulated acid

secretion. This may be a usual phenomenon of antacid in the. stomach,

but .acid rebound is defined as sustained hypersecretion of gastric acid
after antacid has been emptied from the stomach. Only calcium carbonate
e

v

~has this effect (42) likely ‘through the mechanism of hyper%alcemla and

gastrin release. " The degree of hypersecretion induced by a single. dose

of calcium carbonate after meals is ‘minimal in most persons, but some

individuals are quite sensitive and gastric secretory rates may be high

Tt

in response to calcium—containlhg”aﬂtacids
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Antacid Drug Interaction

In Table 13 1is summarized the _many anéécid drug 1iInteractions
reported 1in humans. Tetracycline and cimetidine absérption may- be
impaired by antacids (508). Antacids may enhance the absorprion. of
Coumadin, thereby increasing its potential side-effects. Some ‘antacids
may alkalinize the urine and will thereby alter the renal excretion of
gome drugs. For example, the more alkaline ;he uriné, the more aspirin
will be excreted and therefore the lower the blood levels (308).

The mechanisms of the effect of antacids on'drug absorption include

delayed gastric emptying, absorption of drug, binding of bile salts, and

altered urinary pH. and drug excretion (9,239).
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TABLE 13. ANTACID DRUG INTERACTIONS REPORTED IN HUMANS

Depressed Drug Level ‘ Enhanced Drug Level
or Effect of Effect
GI TRACT CimetidineP
Q
ANTIMICROBIALS Isoniazidd ' Solfonamides?> ¢’
Tetracyclinea’b’C
CARDIOVAS CULAR Digoxind»b . DicumarolP
SYSTEM  Propranolold Quinidine?»?P
CENTRAL NERVOUS (hlordiozepoxide?»® . Ay, .etamine®
SYSTEM  Chlorpromazined:? Levodopana’b
Phenytoin
NON-STEROIDAL
ANT I~ INFLAMMATORY Aspirind,b Naproxen®

AGENTS

VITAMINS Iron©

Phosphorus?

Vitamin A2

a' - aluminum hydroxide
b - magnesium hydroxide
¢ - NaHCOq

Data summarized from Hurwitz (235-239).
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Clinical use of Antacids

It 1s only recently that evidence,haé been obtained that, antacids
may promote péptic ulcer healing. In two early controlled trials
't40,132), intensive aﬂtacid therapy did not benefit healing rate. This
lack ‘of effect in the controlled trial of D3ll et al (132) may have been
due to their use of an intragastric drip of 40 g soéium bica%bonate\
daily in E?spitalized patients. Baume and Hunt wused 4g calcium
carbonate every houf in outpatients, but this antécid may have produced
sufficient acid rebound so as not to have \ allowed adequate
neutralization to permit healing of ' the gastric uléers. In another
controlled trial, Hollander and Harlan (229) showed that in patiénts
with gastric ulcer treated with 420 mg calcium carbonate, two tablets
hourly, pain relief and ulcer healing were significantly better -~than in

the placebo—treated group. There was novsignificant healing effect in

patients with duodenal ulcer by follow-up radiological studies.

Low~dose (287) and intensive regimens of potent antacids are

equivalent to cimetidine in the healing of duodenal (151,242,408) but

not of gastric ulcers (244;479). For example, Ippoliti et al (242):

reported that in the 60 DU patients treated with cimetidine, 1200 mg
daily,‘and in the 69 DU patients treated with Mylanta® II, 7 oz daily,
the cumulative percent healed on antacid.at 2, 4 and 6 weeks was 33%,

64% and 80%; on cimetidine, healing at .these times was 25%, 62% and

86%. Combining the results of. the four studies, the “our and six week °

healiﬁg rates for cimetidine were 65% and 847 respectively, and for

antacidwwere 637% and 72% respectively. Symptom relief was comparable in

o]



both treatment groups. Interestingly, Sturdevant et al (512) showed

that antacids .were no Dbetter than placebo for ‘pain relief in

hospitalized patients with DU. A dissoclation between ulcer symptoms

and healing by endoscopic criteria was also noted by Péterson et al

v

(408).

Poof compliance. may be a problem with antacid therapy (452),
aithough we have observed that uﬁder the encouragement and watchful eye
of a research nurse, patients consumed close to their prescribed antacid

intake over a six week interval (479).

=4

F. Liquid Versus Tablet Preparation

Although antacid tablets are -convenient, liquid preparations are
considered to be more effective because their buffering capacity 1is
superior to that of tablets. For this reason, liquid antacids have been

preferred.

" Choice and use of Antacid

Antacids vary widely in their in vitro HY neutrélizing Capacity, in
their sodium content, iﬁ their cost, and in their flavor. Select.one of
the new potent M%aAl containing antacids such as Maalox Plus Sr Mylanta
II, and switch from one to another, depending upon the .patient's tasfe
prefere?ce. While some clinical studies have suggested that i‘high dose
antacid regimé does heal duodenal ulcers, these ‘same studies suggesﬁl
that antacid 1is 66 better than placebo for the- relief of symptoms.
Amazing that generations of North Americans from Canada to Mexico have

used antacids for the relief of acid indigestion, now only to bé told

that this was all a placebo effect! Clearly the results of'cérefullly

£
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conducted andJ_controlled clinical‘ trials ”ﬁay not apply to everyone's
experience in practice. Compliance to a.high—dose antacld regime is
- necessary to achieve ulcer healing, but many patients Qill not take all
the recommended dose, even when un&er the watchful eye of the nursing
staff of a Veteran's Administration Hospital (446)1) Most patlents
considér that antacids relieve their dysbeptic symptoms, and the patient
will eagerly agree to consume sufficient antaCia in order to achieve
that relief. Rgmind yourself and your patient that the antacid liquid
is much more potéﬁt than &he tablets (59). |
In sumhary, ;he recent resurgence of. in%erest in antacids-.has

confirmed the usefulness of aluminun-magnesium combinations of these

pharmacological agents 1in the healing of dJodenal and- gastric ulcers.

Therapeutic doses of antacids given with meals buffer the gastric

-

acidity for prolonged périods aﬁd lower the intragastric pH to levels H.

even below that,K observed with Ho—receptor antagonists. The modern.

potent antacids are well tolerated\by patients. However, the antacids
‘have no obvious advantage over the Hz-receptof antagonists for the
h=zaling of acute-duodenal or gastric ulcers. Perhaps they may_usefuily

play a role for the relief of recﬁrrenﬁ mild Symptoms which occur from

> ¢

.time to time in the patient with known chronic ulcer disease. Certainly

for the treatment of aéute<ulcefs, antacids haﬁe been largely replaced
bﬁ.the Hz-blockers'and’by sucralfate. Somé patiehﬁs who take an;agids
on an as-required basis for pain may find that they require increasingly
large doses of antacids for pain relief. Often the physician will see

-

the patient when large doses of antacids have already been self-

prescribed by the patient, and have been found to be iﬁadequate to .

control symptoms. Clearly, wunder these " circumstances, the patient
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requires - more potent modern-day therapy. Should the antacids be
~ continued with the Hp-blocker? Since there 1is evidence that at least

one ~antacid reduces the absorption of  oral cimetidine given

siﬁlultaneously (508), ‘t:h.ese two agents should not be given together.

When cimetidine is follc;wed 1 and 3 hours later by Mylanta, tﬁe blood
lev‘els of cimeticiine are unaffected (328). | |

Is. there -any évi;ience that the combination of aptacid plus
cimeti.dine is béneficial? "~ Seven—-times-a-day and four-times-a-day
Mylanta. II is effective in redﬁcing ‘intragastr'icb ac;idity («328)_. Indéed,
the - larger dose /oﬁ éntacid.is nearly as .gffective as cimetidine 'in
redu;:ing "intragastrfic pH after meals and o.vefnight:. When cimetidine 600
mg with breakfést énd at bédtime is suppl\emt.an,ted with 30. ce Mylanta II
one and three hours after lunch and aftef supper, even greater acid
inhibition is ‘achieved. ' It_ rémains unproven, however\, whether this
combination of antacid plus cimetidine_acceierates healing more than
A with cimetidiné aloﬁe. .‘

o

NEWER AGENTS IN THE TREATMENT OF ULCER DISEASE

PROSTAGLANDINS

{

Prostaglandins' are 1lipid hormones found in nearly every body

< tissue. They have. . profound and di&erse physialogical  and

" pharmacological effects which depend on the class of prostaglandin and

‘on the target tissue. Some prostaglandins inhibit acid ‘secretion,

possibly by gastric’ mucosal adrenyl. cy:clase (441,52'9). Certain -

prostaglandins have been shown: to protect the gastric mucosa against

necrotizing agents such as absolute ethanol, 0.6 M HCL,® «O.ZM\ NaOH, .

v

&
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o
hypertonic NaCl,!and boiling water (4'39). This ' property of
' ' 4
pros‘taglan‘dins had been called "cytoprotection”, and may be due to

several mechanisms (Table 14).



TABLE 14. EFFECT OF PROSTAGLANDINS ON GASTRIC MUMSA- .
1. Inhibit acid sec;etion
2. Increase mucosal blood flow
3. increase gastric bicarbonate secretion
4, Increés? thickness of unstirred iayer gel mucus
5. Increase "alkaline micré?limate
6. Ihcrease'active chloride transport
7. . Reduce. gastrin response to food

Both ;natural and synthetic analogue E prostaglandins have “been
‘ ~shown té decrease basal, pentagastrin—stiﬁulated and hiéﬁamine—

vstimulated‘gastric acid secretion'in man (441). The E prostaglandiﬁs
probably exert.this anti-secretory effect b; preventing histamine from

stimulating the formation of 1ts requisite ﬁe@iator, cyclic AMP, by

¥

—

parietél cells. Some syﬁthetic PGs may also have an.antigastrin effect
©(330). \' o

Vagally-stimulated gastric-acid secretion 1is usually smaller tﬁan
tha; occurring during maximai "stimulation with gastrin. A staple
prostaglandin_E2 analog (15-R-15 methyl PGE,) given orally significantly

reduced gastric acid and pepsin secretion in response to modified sham-~

-~

, ,,‘?"‘\ /

'

h . e, RS
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feeding (MSF) 1in eight patients with chronic. duodenal ulcer disease
(274,275); serum concentrations of pancreatic polypeptic were.suppressed
in résponse to MSF, but the gastrin response was unaffected.
Suppression of brostaglan}fﬁ”‘g&nepation in the gastric mucosa with
aspirin did not influence‘the secretory or hormon;l responses to MSF.
. This ‘Suggests thdt exogenous but not endogénous prostaglandins are
effective inhibitorélof this vagally—-induced gastric secretion.

Both natural and synthetig prostagiandins (PGs) are potent anti-
ulcer agenés, and are capable of prévenﬁing gastric - mucosal injury
(437,439-441) as -a result of their anti-secretory and ”cytopfoﬁective"
properties (95,967). PGs »stimulate alkaline secretion and  thereby
alkalinize the microclimate adjacent-to the membrane (18i;260,263,365)f

The géstric mucosa may érétect itself against acid peptic digestion
by maintaining an. alkaline zone in the nmcus'layér coating its surface
(17,52,430,445,518,555). fhe alkaline envirdnment in this “mucus-—
bicafbopatef ‘barrier, present whed'the luminal contents aré acid, is
enhanced in rats given. | 16-16—dimethyl prostaglandin vﬁé
(176,261,365,445). |

‘Gastric mucosa 1§ present in two forms, one solubilized ihvgastric
juice andithe other‘adhereﬁt to the surf;;e‘e;ithelium. - The amount of
soluble mucus in gastric juice is increaséd by certain prostag-andiﬁs-
(66,255,395), and perhaps a change in Fhe composifion of one or both of
these mwmucus coﬁponents is more iﬁportant than the - thicknesé -of\‘the
adherent mucus in‘the produétion of c}toprotection (7,66,176:253,438).
When mild irritagts are admiﬁiste;gd even only a few moments before'

. . ko3 -
necrotizing agents, mucosal necrosis is- prevented, a process known as

"adaptide cytoﬁroéectiqn" (96,440). If the production of endogenous
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prostaglandins is biocked with in;;ﬁethacin, a cyclooxygenase inhibitar,
then adaptive cytoprotection is‘also blocked (95,440). Robert et al
-(438)'have recently challenged the idea!that gastric cytoprotection is
due to a“ change in the thickness of the ‘gastric mucosa layer, as
measured with a pachymeter. This“lack‘of effect of 16, l6-dimethyl PGEy
on mucus gel .thickness 1s contrary to a‘previous finding_(SZ). o »

In healthy subjecés; mucosa{ prostaglandin generation in ‘the
duodenum‘is induced post-cibum in telation tq duodenal acid load (3).
This ‘may be a physiolpgic example‘-of ’adaptive cytoprotection. In
patients with duodenal ulcéf diéease, prosfaglandin synthesis activities
in mucosal biopgy specimens taken endoscopically from thevdﬁodenal'bulb
before aﬁd after: a meal changed little or decreased.- | Perhaps in
duodenal ‘UIqer disease Eheré is a defect in the food-related qhgnge in
mucosal PG synthesis occug%ing as a result of enhanéed duodenal acid
loads. |

Mi;oprostil (SC-2933:)/ .Searle) is | a synthetic analog of-
prostaglandin E, .which has’ been shown 15 animals to reduéer gastric
secretion of acid aﬁd ;q be cytoprotective (109,116,117). -Hunt‘et,zl‘
(232) have demonstrafed in 12 ‘healthy subjects that 50 mcg misoprostil
reduces gastric bleeding and secretion occﬁrring in associatiomn with the

. . ' . > G

ingestion of éspifin (975 wng four times a -day). The reduction of
bleeding was"® directly correlated wifg the reduction in acid. In' the
dog, the.cytoprotectiQe effect against aspirin is believed to be in parg
a consequence of an increased gastric mucosal flow (296).

A rgeent multi-center, double-blind, placebo-controlled study has
shéwn that ~ﬁisdprospil (Searle), 200 mcg given four times daily, ‘is

higbfy» effective 1in, healihg duodenal wulcers after four weeks of

8
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treatment (73). The degree of efficacy of misoprostil at four weeks
(80% of patients had complete ulcer healing) is comparable to that
repbrted for high-dose antacids, ranitidine, and sucralfate, and

i
4]

somewhat greater than that reported in some series for cimetidine and
for another synthetic analogue of prostaglandin Eo (543). Also, 1in a
~multi-center study with over 110 patients with active dupdenal ulcer
disease, enprostil, a synthetuic dehydroprostaglandin, taken tv;_rice daily
‘by mouth, was highly effective‘ Nin the two- and four-week healing 'r.ates
(Thomson .et al,. ﬁnpublished observations, 1984). .Side effeéts were
.mi:ld._' This potent ulcer healing effect was likely gchieved by the -ahti-;
.secreto‘].:y' and ’anti—ga‘stri’n pr‘grties of this compound (330). ‘In
addit:i\on, the ‘1:5, 15-dimethyl analogues of PGE2 has been shown to be-
effective 1in the ﬁealing of_duodenal ulcer (181;460,461)f

g As yet there is no. data on thye rate of recurrent ulceration.
- following prostaglandin—induced healing, nor is thére‘data on the use of

prostaglandins to maintain ulcer healing. As yet theré.is no ‘s'upport

for the use of pfostaglandins in the healing of gastric ulcers (461). '

o~
FeY

“Patients treated withvsynthetic prostaglandins may have diarrhea, but

‘this is dsuall_y mild.

BISMUTH.
| Denol®, tripotassium difcitra‘to bismuthate (T'DB), is "a colloidal
bismuth preparati‘bnh‘whigh ‘is effective "in ulcer Ahe'alving'-... ‘It‘ chelates
with protein at an acid pH contributing to- itsl anti-peptic activity.
(21~,465"). | It may also stimulate_'mucus release (249). -.Tl.'mle'pH and
bacterial flora of gaétric éspira.ﬁev‘did noti change during TDﬁ théfapy

(204). In four to six weeks the healing of duodenal  ulcers 1is
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approximately 80% with TDB and 25% for placebo (112,123,249,299,300,
374,465,480,481,542).  Thus the efficacy of TDB 1is comparable with

cimetidine for the healing of duodenal ulcers (481,542). On follow-up,

./
o

endoscopically-proven relapse of DU occurred within one year in 47%Z of
TDB4hea1ed ulcers in comparison with 60% ?f’c;metidine—he;lgd"ulcers.
Bismuth-induced duodenal ulcer healing may}“bg more sustained than
cimetidine-induced heaiing (344);' -,

‘The mean four~&to six-week heéling rates fof gastfic ulcers were
approximately 852' with ‘TDB and 337 with placébo' (72,300,375,515).
Bismuth is also comparable with cimetidine fof'the healing of gagtric

ulcer (295,520,552). - .

ES

o

While liquid TDB has been proven to be effective in the healing of

peptic ulcer disease, the development of a tablet form is welcoded. The

'

tablet form is effective -in wulcer healing and in pain ‘relief

. ' » )

(203,204,542).
Because serum and urinary‘bismutq levels rose during the six week

treatment with TDB, and uriﬁéry excretion remained elevated two weeks

N

after cessation  of _therapy, the possibility of the .development of

7

neurotoxicity caﬁnotﬂ7be ignored (6).' Howevgr? there have begn _no
reported symptq@s orvEIEHE\b{hadverse CNS eféects suggestibe\of bismuth
toxicity in patients taking TDB. The stpols may blacken,lfhe ggﬁgge'may
darken, and the compound mayvsmell and taste podrly, especiallY‘&ﬁén\
" formulated as a 1iquid; *Milk and'antacids may int -fere with the aétion
" of TDB and éhould.bghavoided one hour before and after taking TDE.

TDB is not currently_évailable in the Urited States of America.

°



TRIMIPRAMINE

Trimipramine (Sufmontil®), a tricyclic anti—depressant,';nc:eased
“the healihg rate of DU (382). Confirmation of this -findiﬁg is
required. Sedation and mouth dryness may Qccur. Trimipramine is also

‘ t
not currently available in U.S.A.

CAR BENOXOLONE

Carbenoxolone is(synthé;ized from g%ycyrrhizic acid ext?actedc%rom
licqfice. root -(483,484). IL increases the 1life span of gastric
epithelial qells 6140;312), alters the carbohydrate composition of

.géstric mucus (f39,484), increases the thickness'of gastric gel muc;s
(56), has a variéblég efféct_ on the- gastric mucosal“ pérmeabilitx to
hydrogen ions (119,483) an& inhibits peptic agtivity in gastric juice

(45).' Carbenoxolone has no influence on the secretion of gastric juice

(34). ‘

Clinical trials have reported the benefit of carbenoxolone sodium

(Biogastrone®) in the treatment of GU (39,179,411,475,538) with mean 6 -.

-

12 'week healing rates of 65% with carbenoxolone and 37% with placebo.
' Lo :

Howeﬁer, efflicacy 1s not universally :.the case (1?9,359,475,556). The

healing rate of gastric ulcers with cimetidine may be superior to

healing with éarbenoxolone (282). . ; !
. Y

| . In double¥b1ind,'endoscopicall Lcontfolled studies conducted over a
6 to 12 week period in patien£s wiéh duodénal'ulcer, the.meaﬁ ﬂealing
rate in pétien:s,treated with a pqsition—rele;se carbenoxolone caﬁsulé
‘ (Ddogastrone®) was 68%, compared - to '322 fgr ‘plaéebo therapy
(1,10,120,390,484,561). Symptom relief is satisfq?tory, but therapy m;y

‘need to he continued for up to three ‘months, and overall the evidence
< , - : > k!
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for the efficacy of carbenoxolone 4in the healing of DU Is not considered
‘to be strong (234).
. ~ L) . ’ .

! It must be cautioned that at least one quarter of patients treated

with carbenoxolone havé a significant side effect, such as qypertension,

_weight gain, edema, ‘and hypokalemia (81,119,120,135,190,194,297,427).

Bismuth, carbgnoxolone and trimipramine are not currently ayailible
in the Unifed Statgs. In ,Cané&a, carbenoxolone has not gained wide
acceptance . because of its poténtially seriogs side-effecté;
Trimipramine is used occasionally in “patients with _relatively'
intractable disease 1w whom there may be. an element of ‘aésdciated‘
depression; Bismuth 1s available in Europe, bﬁt i;s use is limitgdbby

the lack of palatability, althought the tablet form may overcome,tﬁié

problem. ’ ' P

OMEPRAZOLE

Benziﬁi;azole derivatives such as omiprozole represent a new class
bf drugs swhich probably inhibit gastric g* secretion ty suppreséing the
activity of H+/K+—ATPase, an eﬁzyme élaying a key rolé in‘thevprotpn
pump of‘pariefal cells (153—1?5,399,400,485), Studies in‘animals have
shown that tﬁese agents inhibit acid sgcretion.induced by a variety of
stimulant; in vivo and in.vitro (153+#155,399,400,485). Olbe et al (400)
-repor;edu a dose-dependent reduction 1in’ pent’agastrin-stimulatedv"‘d+
Seéretion with.ong of these.agents in health§ volunteers. The re&uction

~lasfed.over 36 hrs after a single oral dose of the drug. 1In patients
o

with chromic duodenal ulcer disease, ‘two and -six umol/kg of omeprazole -
P - . A
i, ¢

S

' were associated with 507 and 90%“redqgtioﬂ in acid outputs and acid

N\

N

concentration in response to modified sham feeding and pentagastrin,,

~
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without affecting serum gastrin and pancreatic polypeptide response to
modified sham feeding‘(273).

Omeprazole given intragastrically in both inhibitory and non-
,Inhibitory doses to rats prevented dose dependently ASA- and ethanol-
Induced gastric lesions (272). The protective effect of omeprazole
against ASA-iaduced lesions occurred when.mucosal generation of PG§ yas'
completely suppressed (and that against ethanol lesions when PG
generation was increased.) Thus inhibiting the»H+/K+—ATPase invq;ved in
the final step of H# secretion pfotects the éastric micosa against these
two damaging agents by a mechanism unrelated to gastric inhibition of
acid sécretion or the biosynthesis of mucosal prostaglandins.

Unfortunately «clinical trials with omeprazole were abruptly
terminated when tumors developed in experimental animalé given this
-compound.

PROGLUMIDE

DL-4-benzamide-N, N~dipropyl glutaramic ‘acid, is a specific
inhibitor of the effect of gastrin on the gastrin receptofs present ‘on
parietal cells (99,452,453,553). It does not inhibit the secretory
effects of h}stamine or acetyleldine (19,453). Proglumide inhibits the
binding' of ggstrin to its receptor in rat oxynfic gland mucosa, and
blocks the trophic action of exogenous gastrin 1in auodenal mucosa,
.colonic mucosa, and pancreas as well as oxyntic gland mucosa (256).

Whereas cimetidine caused increases 1in serum gastrin .levels and rat

parietal cell volume;w no changes were noted in rats treated with
.

proglumide (544). In patients with the Zollinger-Ellison Syndrome

e

(ZES), peptic ulcers are due to gastric “acid hypersecretion which

unambiguously results from hypergastrinemia. In three patients with



ZES, proglumide was much less potent than cimetidine, when compared on a

molar basis, In inhibiting gastric acid secretion (291).

CHOLESTYRAMINE 1is bf no proven benefit in the healing of GU (58).

AMYLOPECLIN SULFATE is a synthetic sulfated polysaccharide that inhibits

pepsin secretion and forms a mucus—1like layer of sulfate
polysaccharide. Its therapeutic role in the treatment of DU is
insecure. Deglycyrrhizinised liquorice (CAVED-S®) has been shown to be
beneficial for the he;ling of GU and DU (524), but these results were-

\

not confirmed in tﬁo other reports (152,379).

SULPIRIDE » 7

S . < (
(N-(1-Ethyl-2-pyorrolidylmethyl)-2-methoxy-5-sulfamoylbenzamide), a
neuroleptic drug which is a centrally acting antiemetic and analgesic,
has been successfully used in the treatment of ulcers, but expéfience

with the compound is limited.

OTHER H,-RECEPTOR ANTAGONISTS

u

Oxmeti&lﬁe'is a new hilistamine H2—réceptor antagonist witﬁ,§tr§ng
inhibitory effects on gastric secretion; It has séveral potential
advantages over cimetidine, including low penetration of the central
nervous system and absent antiandiogenic effects. Oxmetidine 1is
comparable with cimetidine in the four- and eight-week healing of.

duodenal wulcers (319), but <c¢linical trials 1in North America were
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abruptly discontinued when hepq;otoxicity was reported.
YM-11170 is a new, @linically distinct Hy~receptor antagonist (516-

!

518). Clinicalitrials are awaited.

UNRESOLVED ISSUES

2. Hypersecretors.

T

“1. Applicability of Clinical Trials.

Endoscopically-controlled prospective randomized trials extending,

from four to  twelve weeks have shown that approxiﬁateiy‘2/3 - 3/4 of

patients with gastric or duodenal ulcers will heal-.on ranitidine,

cimétidine, sucralfate or high-dose ﬁotent antacids.l How épplicable are
the results of these controlled therapeutié trials to thé'gqals thch we
set for our own patients? We needi to apply our experience, common
sehse,. and whatever other pieces of information or inflﬁence which
éppear to be appfopr%ate. In the end, for your patient, énd at a given
point:in time, you peed to make a decision and io act, even ia'the face
o% legitimate differences in opinion based on-iptefpretation of thesdata

base, i.e. the clinical trials, and experience, iie..the application of.

this new information to an individual patient. "My imessége is that

resultsl of controlled trifls cannot be expected -to défine} standard
therapy. Rational therapeutic decision-making requires judgements about
issues that cannot be settled with certainty by controlled trials”

(511). Thus, the treatmemt:for each patient must be individualized.

v

The U.S. experience with cimetidine in Zollinger-Ellison Syndrome’

(ZES) has been renewed (351,353). ‘This topic is discussed elsewhere in

<



this book. Of interest though is the observation that some patierts
require high doses of cimetidine to obtain symptomatic relief, while
other. patienfs are never adequatel? | ntrolled .(67,68,113,128,360~ )
__362). _This‘ occas;onal poor response ’tzf cime;idine may be dug to a
diminished oral bioavailability and to a decreased “pharmacologic,
response to the d;ug (563); In ZES patienté, there 1is a positive
correlation £etweeng the outcome of ° treatment and the reduction of
gastric acidity, as measgred by 24 hr pH profiles. _Raﬁitidiéé}is;a more
potent antisecretory agent, and either alone or in‘combination with an
antichoiineggic may be more effective' than cimetidine :in reducing
gastric écidity (322,361,540). A large variable in thé ph;rmacokinetics
of orally-administered ;gmetidine has also been noted in non-ZES
patiengs witﬁ duodenal ulcer disease (331). Whil; somevZES patients
failing ' on' cimetidine vwill be bet&er céntrolled on ranitidine, it
remaiﬁs to be determined wﬁethef similar bioavailability or response
prdblems will plague the newer H,-receptor antagonists. " Not 'ail DU

patients are hypersecretors, but in those who are, it'is unclear whether

the dose of medication needs to be tailored to their acid output.

3. Endoscogy versus barium meal.

Bariqm meal i1s still the mosf comﬁonly requesteé invesEigation in
‘those patiehts suspected of having a peptic ulcer. The false—negative
rate of upper GI seriés is aﬁoﬁt 20%, aﬁd posterior wall gastric ulcers
and fhose in the second part of the duodenum are the most'frequently
missed. Also, if the duédenal'cap is scérred, it may be difficult to

differentiate between inactive-and active disease. If the barium meal

shows a DU, endoscopy is usually not necess%ry.' Although an éxperienéed



radiologist can wusually distinguish GU from cancer, it 1is now common
practice to- use endoscopy and bilopsy in_all patients with gastric
lesions. However, can we be dogmatic? Should all patients with a
gastric ulcer have endoscopy? This is 1ndeed avcontroversial'issue.
‘.ihe patient who presents with dyspepsia may-well’be initiaily'treated
with antacids, and undergo an upper GI sefies only if Ehe symptoms
persist. If the gastric u;cef appears to 'be"benign, using numerous
well-accepted radiological criteria (314), then wunder most usual
clrcumstances it would be ;cceptable to heal the patient's ulcer with
~sucralfate or Wifh Hy blockers, and to repeat the upper GI series invsix
weeés. If the ulcep has not healed at that time, ror 1if there is any
‘question whatsoever, based on the clinical scenario or the radiological
findings, that the lesion may be possibly malignant, tgfn endoscopy
should be obtained in order that multiple biopéies\may be obtained. My
own preference however has been 'to perform endoscopy on all patients
with a radiologically demonstrated GU. - |
Early gast;ic cancer 1s common 1In Japan; and studies from that
couﬁtry have indicated that some reduction in the size of these lesions
méy occur with anti-ulcer ? treatment in three—quarters of batients
(464). However, complete healing may‘be relati&ely vnecommon (15). If
the patient with persistent dyspepsia has a n;gatL;:“upper GI series,
then endoscopy 1is indicated, as part of the diagnospic work—up. If a
gastric ulcer is idehuified,’then the endoscbpy shguld be repeated aftér
six weeks of treatment. If the ulcer was seen,oﬁ ;éper EI series, was
followed to radiological-heal;ng, bgt then recurs within seyeral months,
then iﬁ'would be prudent to reassess, this time- by enddgcopy rather than

[

by x-ray.
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4. . FOLLOW-UP

Géstric ulcers heal at an approximately fixed rate, so that it
takes longer f;r'large than for sﬁall ulcers to heal. fhus it may be
necessary to Ebntinue‘tq treat the patient'wi;h aqlarge gaséric ulcer
for l;nger than the usual six weeks. After healing of a gastrit'hl;er;
what follow~up® 1s appropriate? If symptoms recur, the patient should
have endoscopy, even 1f the 1initially-identified 1lesion was seen
radioloéiqally and was followed to healing on upper GI serigs. This
suggestion for endoscopy rests on ‘the concern that the x-ray which:
alleée@}y showed healing may have been in error. ‘Furthermore, phe,
recurfent ulcer should not, under theée' circumstances,> be considereé

automaticdlly to be benign.

5. 'ULCER AFTER SURGERY

Stomal or post-operative ulcer 1is defined as an ulcer in the
stomach, duodenum, or jejunum of patients .previously subjected. Eo
surgery for ulcer‘diséase. The yardstic& by wﬁich surgical results must
* be measured 1s the massive review experience of Stabile and Passaro
(504).. The conventionél medical treatment of these wulcers 1s
unsafisfaétory, with an ulcer persistence rate of 427 and an ulcer-
related.mortality of 11%. Several previoué controlled and uncontrolled
%eports have supported the benefit of cimetidine on healing or symptoms

of ” perianastomatic ulcer - after gastric surgery

£

(46,100,125,150,157,199,215,227,265,266,286,415,470,506,531,549)

6. TREATMENT FAILURES: RECURRENT ULCERS OR RECURRENT SYMPTOMS?

Why ddes about one patient in five fail to heal after an acceptable

¥
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course Of' an acceptable Hj biocker? Is there excessive vagal tone,
resulting iIn excess acid secretion? Or, more 1likely, is peptic ulcer
diseage_sﬁch a" multifactorial polqurphoug condition that turﬁhg; of f
the acid secretion 1s 1neffective, because acid hypérsectetioJ\ had
little to do with the &atﬁogenesis of the ulcer 1n ;he fifst piace?
These questions have not yet been answered, but many patients who do not
heal on one anti-ulcer agent will heal when switched to a second drug,
) or when two drugs are’ combined. Such combination therapy includes Hy
blockers plus antacids or Hy blockers plus anticholinergics. '
Alternatively, heaiing of resistant wulcers may be achieved‘“whén

sucralfate is substituted for an H24receptor antagonist.

7. COMBINATION THERAPY

.Potentiatiﬂg ihterécfions between the tﬂree receptors‘ have a
theoretical basis, énd have been shown with isolated canine cells:
there are potentlating interactions between histamine and g;étrin and’
between histamine and carbachql; but not between carbachol andlgas;rin
(492,493). Clinically, the experience also supports .an interaction

~between.H2 blockers and anticholinergics_(329). Let -us considér the -
interactions of antacids and cimetidine, and of anticholinergi@s and
cimetidine. Gastric acidity (mEq/l) is reduced when one dose of antacid
is given one hour after a meal, or when one dose of &anticholinergic is
taken 6ne hour Before a meal.* The combinationtof both medications was
more effective in reducing acld secretion than when eitHer agent wés
taken alone. When Cimetidine is taken with pirenzepine, -there is av
‘greater redﬁction in npcturnal acidity, voluﬁe, "and acid secretion
(329). Others have also shown that metiamide plus propantheliné bromide

¢

.(Fordtran, unpublished observations, quoted in Peterson &
Fordtran, Chapter 52, pg 891-913). ' :
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STRATEGIES FOR LONG-TERM ULCER TREATMENT

Only a minority of patients suffer from one of the complications of

duodenal ulceration, hemorrhage, perforation or pyloric stenosis. fThe

majority of patients are troubléd only by ulcer pain. The main

_treatment objective for the management of a patient with a duodenal

ulcer must be the relief of symptoms and ulcer healing. Symptoms may be
relieved without ulcer healing, but ulcer healing must be accomplished
in order to prevent the development of the ulcer-related compliéations;

There are -three main strategies for ulcer treatment:

1. on demand treatment of ulcer symptoms, without regard to a

duration of therapy likely to achieve glger heéling;

/\\

2. intermittent treatment of acute eplsodes with a full course ‘of
therapy, even after symptoms have subsided;
3. maintenance treatment after ‘acute ulcer healing with the full

dose treatment.

The first approach 1is generally viewed as being unsatisfactory,
since ulcer healing is not hecéssarily achie?ed. The seéond approach is .
acceptable only if the patient has mild non—recurre;t or infreqﬁen;ly
récurring disease. The best results Are obtained -with the thifd
strategy, using mainﬁenance therapy. The vdisédvantages, of chronic
exposure té‘any drug are adverse reactions, cost, and‘lgck of compliance
leading to lack of‘efficacy. -For the patient with difficulf duodenal

uléeratioﬁ, these disadvantages are minor, compared with the potential



hazards of elective. or emergency surgery. At present, none of the
medications proven to be useful for .the treatment ' or maintenance of
patients ‘with ulcer disease change the natural hiétory, or cure the
diéeasg.

Should Hj-blockers or sucralfate be taken “forever and ever"?
Carefully controlled‘ clinical trials %ddress—‘the question of the
efficacy of these agents in ﬁhe prevention of ulcer recurrence, but does.

.such an approach represent sound judgement and common sense? . The
patients entered into c¢linical trials are highly selec;ed and may not
neFessarily, reflect the type‘ of patlent generally seen' in practice.
Many pfactitioners ﬁreat dyspeptic symptoms without_endoscopy or x—ray
Aevidence of ulcer. Many of thgse p;tients'wili enjoy an improvemeﬁt'in
their symptoms. Prob;bly no more than half of thesenpatients have an
ulcer, and many of those patients with non-ulcer dygpepsia who improve
on ulcer therapy will have non-ulcer dyspepsia, - Dr. Howard Spiro
calls "Moynihan's disease"\(SOZ).b These patients . not ;ubject to the
risk of complications of -ulcer disease, and should not be placed on
‘maintenance thefaﬁy. yIn the patients with.a pfovgn ulcer, pérhaps we
should wait for a recurrence, before placing them on maintenance
therapy. This eqsence\of %}me will-allow for the selection of those
beptic ulcer‘patients who‘éifi be "bad actors” and will have rgcurrenﬁ.
and thereforeApotenpially more serious disease. Then, "once én ulcer,
alwafs_ an ulcer”. However, futurev recurrences 'may be of ulcer-like
dyspepsia wiﬁth£ ulceration. If a recurrence of ulcer is proven; thén
maintenance therapy may be uséd. In this way fhe relativeiy low risk of
co;plications-can be weighed against Ehe equ;lly low.risk of Hp—blocker

related side effects.
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After the six to eight course of therapf fér the acute event, how
should the therapy stop? While'there‘is na evidence of "acid rebound”
under ‘these ciréumstances, many Seasoned-';;inicians'. practice 1is to.
gradually reduce the dosage of therapy over an interval of several
weeks, down to the maiﬁtenanée dose. For cilmetidine, faken four times a

day, thils reducing regime wduld be the withdrawal of first the lunch=-

time, then the suppertime dose, then the breakfast dose. A decision is

£hen mgde whether thé patient 1is suitable for_mﬁintenance therapy. For
ranitidine, the situation is even simpler: ifvché patient s receivng
150 mg; b.i.d., thén the morning dose 1s stopped after the six to eight
week therapeutic.course.. If the patient were takiné ranitidine 300)mg

at hnight dﬁting the period of active treatment, then she/he .simpiy

‘reduces the dose from two to one tablet at bedtime. TIf the patieﬁt who

suffers a  symptomatic 'recurrence over the following months, another
coursé of Hy blocker in the usual acute therapy dose should be given.
If the patient had not been on maintenance therapy previously, then.this
therapeutic decision should be made; ‘ o

An ulcer mayvrecur with or withéut symptoms, and equally &ell, a
reeurrenée of symptoms does not' necessarily mean Tecurrence ofi the
ulcer. Thus mainténance thepap§ may continue the\healing of the ulcer,
yet the pain returns. Alﬁernatively the pain may subside while the
ulcer recurs or persists. What then is the best approach to the patient
witﬁ récurrent symptoms while on maintenance ;herapy? v There afe no
studie; on this poinf, bﬁt it -makes considerable sense to increase- the
dose of Fanitidine or cimgtidné to the full therapeutic dose, from the

maintenance dose. If the pain persists, the patient should undergo

repeat endoscopy. If the pain or ulcer are show to disappear on the
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reinstituted‘ full dose regime, then switch from one to another Hj
bldcker, or switch to an agent that works by a séparate mechanism, such
as sucralfate.

Just as there are widE'différences in placebo healing rétes, so .
éi;o 1s there wide variation in the Tecurrence rates between different

/

/icountries ;qd even within countries: from approximately 16%Z in West

/

_( Germany‘t0'6Q% in éustria. Recurrence rates as high as 80% in one year

) have been reported for‘patientslwho healed on Cimgtidine and continued
either on piacebo or off cimetidine maintenance (27,28,63). This
éontrasts with an average annual recurrence rate. of about 20% in

. patients maintained on cimetidiﬁe (47,159,225).

It is unlikely that cimetidine enhances the likelihood 6f an ulgef
recurfénce, ;ince there was recently reported;to be no difference in the
freiuency of recurrences in patients previoﬁsly healed on cimetidine or
on antagids when endoscopies lyere _ﬁerformed when‘ the patients were
symptomatic or at three, six and 12 months. Fbr.example, at 3, 6, and
12 mohthé, the cumulative percentages of patients with recurrence we%e

- 20%, 362 and 70% for antacid,_and’36z, 55% and %5% after cimetidine
« therapy (240)., This protectioﬁ agalnst relapse appears to remain for as
long as the drug is taken—(51,207).

Gastric ulcers, like duodenai ulcers, tend to recur (314,413),»and
as long as the possibility of é malignadcy‘has been excluded beyoad a

‘reasonabie doubt, thén. haintenance therapy = should ‘be considered.
Howe&ef, the role of ﬁaintenance c¢imetidine in preféntigg gastric ulcer
relapse is less clear. One study has shown no\bénefit over a six wmonth

period (281), three studles have shown a Dbenefit of maintenance

‘ cimetidine over' a 12, month period (57,326), but this benefit of



ulcer relapses (173).

: cimetidine’over placebo did not extend to 2 years (37).

A sidéle dose of 400 mg of cimetldine at bedtime is as effective In

. preventing recurrences as 400 mg two to three times a day '(29,47).

However, malntenance therapy with cimetidine 800 mg nocte has been shown

to have a lower relapse rate (65) than with the 400 mg dose (61). The

ideal or necessary degree of acid inhibition 1s unknown,. but the higher

‘.

dose may be }referable (159). ' : . .

Mainfenance therapy with ranitidine (150 mg-  nightly), cimetidine
(400 mg nightly), or antacids (as needed for symptomatié relief) was
studieq in patients whose duodenal 'ulcers had been healed with
cimetidine, ranitidiﬁe, or pirenzeprine. Afteg 12 months, no recurrence
of ulcers was observed in 75% ofr40 patients-oﬁ ranitidine, 78% of 20 h
patient; on cimetidine'andVAOZ 6% 50 patients on antacias (74).

'Pirenzepine i as effective as cimgtidine in preventing duodenal

The resuits of an interim analysis of . the ;ahitidine versus
cimetidine multicentre étudy in the U.S.A. have rgcentlY'beén'rgpof£ed
(482). A t;Eal of 125 patiéﬁts with heaiéd ‘duodenal ulcers were
randoﬁly assigned to receiQe;'nightly, e;therAISO mg ranitidine or-400
mg ciﬁetidine. Endoscopic exahinations weré.peffq;med at’ baseline, énd

after four, eight and 12 months of therapy. Ulcer recurrence - was

~assessed by the crude-rate method as well as by the more superior life-

table method. By both methods the annual relapse rate was 2 1/2 times

AloWer with ranitidine than with cimetidine. In a éimilar multicentre

study from the United Ringdom, Eire and Austraiia, the. relapse rate on

- ranitidine was about half that on cimetidine, when life—table ahalysis

was performed at four, éigh;, and 12 months (186). Based on these data,
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it would | appear QhaEA ranitidine 1is the superior Hop-blocker for

maintenance.thefapy in peptic ulcer disease.

APPROAQ TO THE PAfIENT WITH ACID-PEPTIC DISEASE

While there are  many causes of dyspepsiapb(528), acid pepsin
disorders areb likely among the ‘mpst commoﬁ.- Many patienﬁs, with .
" dyspepsia .will alter their diet or take nan;prescription medicgtions
such as’antacids; iaxatives, orhanti-gas agents in an effort to relieve
their symptoums. it 1s uncommon then to see algatielt with acid—?epsin
-symptoms'who has not‘alreadx, on their own accord, takep a bland diet
and antacids, and avoided exceésive,dietary‘fat, spices, coffge. When
these patients afe seenffor the fifsﬁ time for their d?spepsié, it is

; .

sfteﬁ sufficient for the family physician to piaceﬁchp.patient on a full
theﬁifeutic regimen of antacids,rah& advise the patient to regurn for
reasséésment.in two week's time (Tagle'iS)m If the dyspepsia pe;sists;
an upper GI series should be »performed. ./;f this 1s nega;ive, or
positive for gastric ulcer, endoscopy is requgzéd to}attempt to idéntify
"an ulcer, which quite'bézen may be missed on upper GI Séries; or to
ovtain cytology and biopsies from a gastric ulcer. If no ulcer’'is seen,
fﬁrtheg‘investigétions need to be perfofmed to establigh the basis for
" the non—ulcér dXSpepsia. If the gasf?ic ulcer i;vbenign, the patient
should be treated for six to eight weeks with fanitidgﬁé (2antac®,,150
‘1 mg;, g.i,d.‘or 300 mg at night), or.wicﬁvcimetidine (Tégamet®; 300 mg.,
q.i.df or 600 ﬁ%.; b.i.d.) or withvsucraifate (Sulcréte® 1 gm., q.t.d.
one hour Bef&;e, meaig and at wnight). Most patieqts will lose their

symptoms of pain within several days, and must be reminded to continue

their fhgrapy for the full prescribed four to eight week course. It is
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not necessarv for the patient to continue to't;lke their antacid while on
one of these medications. However, many patients with chronic peptic
disease habitually .take antacids, and wmust be cautioned not to take
their antacid within an hour of taking their cimetidine or sucralfate.

For the patient with a gastric ulcer, even if the patient 1is
asymptomatic, vendoscopy must be repeated 1In sig to elght weeks to
ascertaln that the ulcer has healed. If the gastric ulcer persists,
ensure that the patient has been taking their prescribed medication
properly and for the fﬁll treatment period. If this is the case, then
either c%ntinue thérapy with the same agent for a further six to eight
weeks, or switch to another drug, e.g. from cimetidine to ranitidine or
from cimetidine to sucralfate. If on the third endoscopy. the gastric
ulcer is still unhealed,{khen surgery should be considered. If the
gastric ulcer has héaled, the drug therapy is gradually tapered over the
next two weeks and is then discontinued. If the upper GI series
demonstrated a duodenal'ulcer, the patient does not requiré‘an endoscopy
at that point and should 5e treggéd for four to six Qeeks with
ranitidine, cimetidine or sucralfate. After the full therapeutic
course, the drug therapy is gradually taperea, and then stopped-

Because some patients will have one episode 6f ulcer disease with
no subsequent recurrences, maintenance thérapy 1s not begun at this
po;ﬁt. If .the patigq§4 exferienced a severe symptomatic recurrence,
Qhere he had previously had a duodenal or gastric ulcer proven on upper
GI series or. especially on endoscopy,‘.theq a furfhef> endoscopy is
indicated. If‘the patient is foﬁnd)to have an ulcer, then he is treated
with a full thq;apeutic regimen for the.acute ulcer, and then ; :ced on

maintenance therapy with ranitidine (150 mg at night), cimetidine (300

mg, b.i.d. or 600 mg at night), or with sucralfate (1 gm at night). If
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the endoscopy shows that the symptomatic recurrence 1is not associated
with a recurrence of wulcer ("non-ulcer dyspepsia”), then ak full
therapeutic course of Hz—blocker or sucralfate 15 used, but maintenance
therapy 1s not indicated. Thus maintenance therapy is used only when it
is "earned” by the radiologi;al, or preferably by the endoscoplc
demonstration of the presence of an ulcer on two occasions (pain-ulcer-
healing;-pain-ulcer-healing+maintenance).

If the patient deveiops pain while on maintenance therapy he may
simply be ‘experiencing a recurrence of noh—ulcer &yspepsia, or a
"breakthrough” ulcer. As long as there are no symptoms to suggest
complications such as hemorrhage or gastric outlet obstructién, then
endoscopy need not be performed and the dose of the 'maintenénce
medication 1s increased for four to eight weeks, then graduélly tapered

. . u.r
to the lower maintenance dose level. If breakthrough uicéé% are
occurring frequently, then consider switching’ the patient to another
drug for maintenance therapy.

1f duriﬁg one of these episodes of pain the duodenal ulcerifails to
heal after four to eight weeks of ranitidine, éimetidine.or sucralfate,
then séveral approaches may be taken to the treétment of tHesé resistant
ulcers. ' Fir;t, if ‘the diégnoéis of duodenal ulce; was made\b& upper GI
series, then endoscopy becomes essential t; confirm the diagnosis. If
the ;1cer is truly'réfractory to appropriate_msderﬁ—day ulcer therapy,
then switch to another drug. For example,lcimetidine—resitant_ulcers
may heal 'on ranitidine. If the patient continues to have -pain, or if
the ulcer persisLs, then either add 7 times a day potent antacid (for

dexample, Maalox Plu; or‘Mylanté II, 36 one and three Hour pc ana aé

night) to the regimen ofiranitidine, or add an anticholinergic to the



regimen of Hp-receptor antagonist or. sucralfate.

This approach to the patient with acid-peptic di.case attempts to

achieve the‘following goals. (Table 16):

XN



Table 16.

GOALS IN THE MANAGEMENT OF PATIENTS WITH PEPTIC ULCER‘DISEASE

1. the relief of symptoms,
2. the healing of the ulcer,
3. the maintenance of heéling of the wulcer and. the relief of
symptoms, -
4. the prevention of ulcer-related complications,
> 5. minimization of side effects of medical or surgical therapy,
and the minimization of cost.

While some will cohsidef this approach to be too conservative,
others will clain&ﬁthat it .is Eoo aggressive. Nonetheless, 1t is a
consensus approach, baldncing .the great efficacy\ of rgnitidiné;
cime;idine or sucralfate, their excellent safety profili, and the high
patienﬁ compliance, as compéred. with antacid. | This approach also
minimizes the %eqqirement for overly freqﬁent endoscopies, but
recognizes that the prevention of recurrences and of comﬁlications are

A

goals which must be evalugted with knowledge of the poor correlation

between symptoms and activity of ulcer craters.
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