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Objectives : /in order to test the hypothesis that H. pylori infections in the gastric
antrum increase pepsinogen | release, fasting serum pepsinogen | concentrations
were compared in peptic ulcer patients with and without H. pylori infection. A
randomized prospective study was performed to determine whethsr the increased
serum pepsinogen | concentrations associated with H. pylori Infection respond to
treatmeant that eradicates H. pylori.

Methods : Fasting serum pepsinogen | concentrations were measured by RIA in
736 patients with endoscopically and histologically confirmed benign peptic ulcer
with and without H. pylori infection. Qut of 611 patients with H. pylori infection. 110
patients (group 1) were randomly selected and were treated with metronidazole and -
tripotassium dicitrato bismuthate combined with ranitidine and antacid. and 97
patients (group 2) were treated only with ranitidine and antacid. The third group.
54 patients free of H. pylori infectlon. was designed to evaluate the influence of
H2-receptor antagonist and antacid on the change of pepsinogen [ Fasting
pepsinogen | concentration and H. pylori status were compared before and after the -
treatment.

Results : Patients infected by H. pylori (gastric ulcer 208, duodenal ulcer 303
total 511) had significantly higher fasting serum pepsinogen | concentrations than
H. pvlori negative patients (gastric ulcer 110, duodenal ulcer 115 . total 225). Mean
pepsinogen | level of the former was 124.3+46.9 and that of the latter was 77.9%
26.8 ng/mi. (p<0.0001) The difference in serum pepsinogen | concentrations
according to the location of ulcer crater was significant only in non-infected
subfects e.g.. mean pepsinogen | level H. pylori-negative gastric ulcer was
significantly lower than that of H. pylori-negative duodenal ulcer patients. H. pylori
was eradicated in all the patients who had received antibacterial therapy for 4
weeks and serum pepsinogen | concentrations were significantly decreased from
129.8+48.0 to 82.4+24.0 ng/mi after eradication of the organism. (p(0.0001) In
contrast, H. pylori-positive patients who had not received antibacterial therapy were
still infected at the completion of the study and there was no significant change in
the serum pepsinogen | concentrations after the treatment (120.8£40.9 vs 126.3%
40.4 ng/mi).(p)0.57) None of the patients who were initially H. pylori-negative has
been reinfected during the period of the study and thelr serum pepsinogen |/
concentrations were not changed. (pre-treatment value 75 1%8.0. post-treatment
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value 77.83124.5 mg/mi)(p(0.75) Four-to six-week therapy of H2-receptor antagonist
and antacld did not exert any influence on serum pepsinogen | concentrations.

Conclusions : On the basis of our results. we have confirmed that the chronic
infection of H. pylori of gastric antrum in peptic ulcer patients causes increased
pepsinogen | release into the circulation, and eradication of the organism results in
significant fall in serum pepsinogen | concentrations.
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INTRODUCTION

The concentration of pepsinogen | (PG 1)
in serum is raised in both gastric (GU) and
duodenal ulcer (DU) patients'® and correla-
tes positively with the relapse rates of DU,
Helicobacter pylori (H. pylori) infection of the
gastric antrum is now regarded as one of the
important pathogenetic factors for developing
the peptic ulcer diseases, and eradication of

the infection markedly lowers the ulcer
relapse rate.
Recently, it has been suggested that, in

humans and animals, serum PG | secretion
rates increase with age as does the pre-
valence of H. pylorl infection®'”. However.
there is no consensus on how the mecha-
nism interact with H. pylori infection and
hyperpepsinogenemia. Oderada et al'®. re-
ported that eradication of H. pylori infection
in children with various gastrointestinal disor-
ders results in 25% reduction in the serum
PG | concentration. It has become apparent
that many of secretory abnormalities in DU,
such as hypersecretion of acid. pepsinh and
gastrin, are to a large extent secondary to H.
pylori infection and its associated gastritis®

¥ The chronic inflammation of the gastric

antral mucosa Induced by H. pylori might
increase leakage of the zymogen into the
circulation. In addition. H. pylori infectlon
raises the plasma gastrin concentration®* '2
%18 and the trophic action of this hormone
may increase the chief cell mass and thereby
the PG | synthesis.

We have examined the influence of H.
pylori infection on serum PG | concentration
in patients with peptic ulcer. In addition, we
have Investigated the extent of any changes
of serum PG | concentration after eradication
of H. pylori.

MATERIALS AND METHODS

1. Patients

The study population was made up of 736
patients with endoscopically and histologically
confirmed benigh GU and DU. Five-hundred-
eleven patients were infected with H. pylori
and the remaining 225 patients were negative
for the organism. Among H. pylori-positive
patients, 303 patients were DUs (male 246,
mean age 40.3 . female §7. mean age 42.4)
and 208 were GUs (male 153, mean age
457 female 55, mean age 52.1). H. pylori

Table 1. Demographic Features of Study Population

DUODENAL ULCER

GASTRIC ULCER

Age (years)

Age (Years)

H. Pylori status Sex No. Patients No. Patients
Range Average Range Average
Male 246 13-81 40.3 153 20-70 457
POSITIVE Female 57 21-64 42 4 55 19-69 521
Total 303 13-81 41 .4 208 19-70 48.9
Male 84 16-85 45.3 69 17-82 50.7
NEGATIVE Female 31 26-74 82.4 41 16-80 52.6
Total 115 16-85 48.9 110 19-70 48.9
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Table 2. Fasting Serum Pepsinogen |
Negative Patients

Concentration between H. Pylory Positive and

Serum pepsinogen |

H. Pylori Status No. patients

Range Mean SD
POSITIVE 511 59.5-298.0 124,.83+46.9*
NEGATIVE 225 21.9-128.8 77.9£25 8"
Serum Pepsinogen | Concentration : Mean+S8D (ng/ml) * p¢0.0001

Table 3. H. Pylori

Status and Serum Pepsinogen

| Concentration According to Disease

Pattern
Serum Pepsinogen |

Disease H. Pylori No. Patients

Range Mean+8D
DUODENAL POSITIVE 303 60.3-298.0 123.7+44.2
ULCER NEGATIVE 115 24,0-128.8 83.2+24 9
GASTRIC POSITIVE 208 59.6-291.5 125.3£50.6
ULCER NEGATIVE 110 21.9-123.9 72,4257

Serum Pepsinogen | Concentration : Mean+ 8D (ng/ml)

H. pylori + ve GU vs -ve GU ' p{0.000

negative-patients were consisted with 115 DU
patients (male 84, mean age 45.3. female
31, mean age 52.4) and 110 GU patients
(male 69, mean age 50.7, female 41, mean
age 52.6) (Table 1).

2. Methods

A blood sample was collected after an
overnight fast for the measurement of serum
PG | concentration. After this, gastro- duode-
nal endoscopy was performed with elther the
Fujinon EVG-FP or Olympus (Japan) endosco-
pe. H. pylorl infection was confirmed in sach
by Iidentification of the organism by Gram
staining. culture and urease testing., and by
Giemsa or Warthin-Starry silver stainging of
biopsy specimens of the antral mucosa.
Serum PG | concentrations were measured by
the radioimmunoassay techinique using the
(**1] Pepsinogen RIA kit (Pepsik P2560, So-
rin Biomedica, Italy) and each examination
was duplicated. On the basis of H. pylori
status and therapeutic modalities, 261 pa-
tients werse divided randomly into three
different groups (Table 4). Patients with poor
compliance or previous antibacterial therapy

H. pylori + ve DU vs -ve DU : p<0.0001
H. pylori - ve GU vs -ve DU . p{0.001

against H. pylori were excluded. The first
group consisted of 110 H. pylori-positive
patients (57 GUs and 53 DUs) and was trea-
ted with metronidazole 250 mg qid., tripotas-
sium dicitrato bismuthate (TDB) 120 mg gid..
designed to eradicate H. pylori in addition to
ranitidine 300mg at bed time and antacid
100ml| aid. The second group of 87 H.
pylori-positive patients (GU 34, DU 83) was
treated only with ranitidine and antacid. The
third group(GU 27. DU 27) free of the infec-
tion of H. pylori was treated with ranitidine
and antacid. The third group was designed
to evaluate the effect of H2-receoptor anta-
gonist and antacid on the serum PG |
concentration and H. pylori status. Metroni-
dazole and TDB were given for 4 weeks and
ranitidine and antacid were given for 4 to 6
weeks according to the size of ulcer crater.
Both healing of active ulcer crater and
confirmation of eradication of H. pylori were
achieved by repeating the endoscopy and
antral biopsies.

On the day of follow-up endoscopy. when
ulcers were completely healed, repeated fas-
ting blood samples were obtained for esti-
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Table 4. H. pylori Status and Treatment Modalities in Three Different Groups

Group Disease No. Patients H. pylorl Status Treatment
. au 57 Positive OB Ranting
Mylanta
I gbj gg gg::mg Ranitidine and Mylanta
] SS g; ngzg:z Ranitidine and Mylanta

* TDB : Tripotassium dicitrato bismuthate

Table 5. H. pylori Status and Serum Pepsinogen | Concentration before and after Treatment

Before Treatment

After Treatment

Group - - - -
H. pylori Status Pepsinogen | H. pylori Status Pepsinogen |
Positive (n=110) 129.8+43.8* Negative {n=110) 82.4+24.0*
| GU (h=87) 120,045 5 GU (n=587) 80.7+£24.5*
DU (n=563) 129.5+42 3* DU (n=583) 84.3+£23.5"
Positive (n=97) 120.84+40.0** Positive (n=97) 126.3140.4**
Il GU (n=34) 122.8+49 3** GU (n=34) 127.6+49.8**
DU (n=863) 119.7+36.0*" DU (n=63) 125.6+34.7**
Negative (n=54) 75.1£28.0%** Negative (n=54) 77.3£24.5***
I GU (n=27) 67.2+26.5*"* GU (n=27) 69.0£23.8***
DU (n=27) 83.1£27.6*" DU (n=27) 86.6+£22.7***
Serum Pepsinogen | Concentration : Mean*8D (ng/ml)
* p<0.0001, ** p)0.57. *** p)0.75
* STATISTICAL EVALUATION OF RESULTS
200 [—-—“ .
f—é Result were expressed as the Means*SD.
> Student’s t-test was used to determine the
~ i
£ significance of difference between means.
"g’a with “differences giving a p value less than
£ 1007 0.001 being considered significant.
g
‘; RESULTS
b~
3 o All of 736 patients studied, who had elther
HP Positive 'HP Negative GU or DU, were effectively treated with

Fig. 1. Fasting serum pepsinogen ! 'concen‘tr?-‘
tion between H. pylori positive” and ne-
gative patients. p¢0.0001. - ' :

mation of serum PG | level and the H. pylori
status was reassessed by’ means of micro-
biologic and histologic examinatioh of antral
biopsies. '

ranitidine and antacid for 4~ to. 8~week. treat-
ment. without: any' significant side reactions
and - active Ulcer oraters were completely
healed in all patignts .on the folldw+up endos-
copy. After 4-week treatment with ‘metroni-
dazole and TDB, none of the first group
patients. who were infected by H. pylori initi-
ally, had antral H. pylori both in microscopic
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. 2. Changes in serum pepsinogen | concen-
trations before and after treatment in
group |. Group | are HP(+4) patients
treated with metronidazole, TDB, raniti-
dine and mylanta. The asterisk indicates
less than p{0.0001.
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Fig. 3. Changes in serum pepsinogen |
concentration before and after treatment
in group il patients. Group llare HP(+)
patients. not receiving antibacterial
therapy.

Serum Pepsinogen(na/mi)

and histologic examination of repeatsd biop-
sy specimens (Table 4 & 5). However all the
second group patients, who were also H.
pylori positive at the beginning of the study,
and were given only ranitidine and antacid,
were still infected by the organism on
repeated examination even though ulcers
were completely healed (Table 4 & 5). These
data suggest that H2-receptor antagonist and
antacid do not have any antibacterial action
against H. pylori and the 4-week combination
therapy of metronidazole and TDB is highly
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Fig. 4. Changes in serum pepsinogen | concen-
tration in group Il patients who were
negative for HP(+) both before and after
treatment.

effactive for eradication of H. pylori from the
antrum. Among the third group patients,
initially free of H. pylori infection, none was
infected by the organism during the study
(Table 4 & 5). Patients infected by H. pylori
(5611 patients : GU 208, DU 303) had signifi-
cantly higher fasting serum PG | concentra-
tions than patients negative for the organism
(225 patients : GU 110, DU 118)(range
59.56-298.0 mean 124.3%46.98 ng/mi vs range
21.9-128.8 mean 77.9x25.8 ng/ml. respec-
tively). (p<0.0001)(Table 2 & Fig. 1). The
difference In serum PG | concentrations
according to the location of ulcer crater was
also evaluated. H. pylori positive patients,
elther GU or DU, had significantly higher PG |
levels In serum compared to H. pylori nega-
tive patients. (p(0.0001. respectively) (Table
3). In cases of non-infected patients, serum
PG | level of GU patients was significantly
lower than DU patients (72.4+257 vs 83.2%*
24.9 ng/ml). (p{0.0001)(Table 3). In contrast,
the difference between H. pylori- positive GU
and H. pylori-positive DU was not significant
(125.3£50.6 vs 123.7%44.2 ng/mi{(p)0.5)
(Table 3). In the 110 patients with success-
ful eradlcation of H. pylori, therse was a
significant fall in the fasting serum PG |
concentration from 128.8+43.0 ng/ml to 82.4
+24.0 ng/ml after treatment (p{(0.001)(Table
5. Fig. 2). In contrast. fasting serum PG |
concentrations of the second group patlents
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whose H. pylori infentions were not eradica-
ted were increased seven though the dif-
ference was not statistically significant (pre-
treatment value, 120.8+40.9 ng/m! and post-
treatment value : 126.3240.4 ng/mb(p>0.5)
(Table 5, Fig. 3). in the third group of H.
pylori negative 54 patients. there was no
change in the fasting serum PG | concen-
tration after the healing of ulcers, with
pre-treatment value being 75.1+28.0 mg/ml
and post-treatment value being 77.3%24.5
ng/mi (p>0.1)(Table 5, Fig. 4).

DISCUSSION

It is well known that a high serum pepsino-
gen level is both a feature of established
duodenal ulcer and a risk factor for develo-
ping duodenal ulcer. In addition, it is also
true that in some families with a prominent
history of duodenal ulcer an elevated serum
PG | level is Iinherited as an autosomal
dominant trait and is a subclinical marker of
susceptibility for developing duodenal ulcer
disease. Increased serum PG | is also pre-
sent in patients with gastric ulcer. but there
has been no evidence that hyperpepsino-
genemia is a risk factor of gastric ulcer
disease'®. Evidences have been accumu-
lated that various gastric secretory abnorma-
lities associated with peptic ulcer disease ars
to a large extent secondary to H. pylori
infection and its associated gastritis. Even
more interesting is the finding that somato-
statin deficiency of the gastric mucosa
induced by H. pylori infection appears to play
an important pathogensetic role in hypersecre-
tion of gastrin and acid in DU patients'™ 2.
Before evaluating effects of H. pylori infec-
tion on the change of serum PG | concen-
tration, we have examined any possible
influences of 4- to 6-week treatment of H2-
receptar antagonist (ranitidine) and antacid
(mylanta) on serum PG | levels. Patients
were completely tolerant of the therapy and
there were no side effects. There was no
change in fasting serum PG | concentrations
between the pre-treatment and the post-
treatment period (75.1+28.0 ng/ml vs 77.3%

24.5 ng/ml). These observations suggests
that short-term treatment with either H2-
receptor antagonist or antacid does not have
an influence on serum PG | concentrations. ‘
In this report, we found that serum PG |
was significantly elevated In patients with
peptic ulcer diseases with H. pylori infection
compared with those without H. pylori infec-
tion. This observation is consistent with
previous reports on PG | slevations in pa-
tients with peptic ulcer’® ' 72V |nteres-
tingly, when comparing the difference of
fasting serum PG | levels according to the
status of H. pylori infection and the location
of ulcer crater, the rate of increment was
significantly higher in GU patients than in DU
patients (73.1% in GU patients vs 48.7% in
DU patients)(Table 3). This study also
showed that eradication of H. pylori infection
was accompanied by a significant fall in the
serum PG | concentrations In both GU and
DU patients. In contrast, serum PG | concen-
trations have increased in patients showing
continuously positive for H. pylori and have
not been changed in those patients without
H. pylori infection in both the beginning and
the end of study. Our results are similar to
those of previous reports'™ 229 Thgre
fore. our observations that reversible hyper-
pepsinogenemia | strongly suggests that the
increased circulating PG | levels in both GU
and DU subjects must be resulted from this
bacterial infection, The mechanism of the
increased circulating levels of the PG 1 in
peptic ulcer patients with H. pylori infection
is still unclear. The effect of acid inhibiting
therapy could be responsible for the change
in serum PG | concentration after eradication
of H. pylorl infection. Jansen et al.* and
Biemond et al.® reported that serum PG |
level was reversibly increased during the
administration of omeprazole. This possibility,
howsver, is excluded by our findings that,
while in the subjects of our study who were
treated with only H2 blocking drug and
antacid, there were no falls in PG | concen-
tratins. Chittajallu et al.*® suggested that the
increased serum PG | concentration could be
the end result of H. pylori-induced gastritis.
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Their hypothesis is that the H. pylori-asso-
ciated gastritis usually involves the body of
the stomach to a significant extent and could
result in damage to the chief cells and the
mucous neck cell, rusulting in leakage of
zymogen into the circulation. And it is also
possible that the gastritis increases the
permeabllity of the gastric epithelial surface,
enabling back-diffusion of PG | before con-
verting pepsin by the gastric acid.

Studies have shown that the serum PG |
concentration correlates with the chief cell
mass, basal pepsin output and pentagastrin-
stimulated gastric acld and pepsin output.
And, it has been confirmed that chronic
infection of gastric mucosa with H. pylorl can
also induce significant increase of serum
gastrin concentration® "2 ' ' 20 considering
these findings. it is possible that the hyper-
gastrinemia induced by H. pylori exerts a
trophic effect on the pepsinogen-producing
cells with resulting hyperpspsinogensmia |.

On the basis of our observations, we have
confirmed that chronic antral H. pylori
infection causes increased relsase of serum
PG | and eradication of the organism results
in significant lowering of serum PG | concen-
trations in patients with peptic ulcer disea-
ses.

We are further investigating the possible
causes that might be responsible for the H.
pylori-induced hyperpepsinogenemia | by eva-
luating histologic changes of the gastric chief
cells and mucous neck cells along with the
degree of inflammation of the gastric mucosa.

REFERENCES

1. Vianello F. Di Mario F, Plebani M, Germana
B. Dal Santo P. Leandro G, Dotto P. Grassi
SA. Battaglia G. Naccarato R. Pepsin con-
centration in gastroduodenal biopsy homo-
genates in chronic ulcer disease. Dig Dis
Sci 1994. 39:301.

2. Albillos A, Alvarez-Mon M. Rossi |. Gonzalo
MA, Marin MC. Abreu L. Different HCI! and
pepsinogen | secretion patterns in anatomi-
cally defined gastric ulcer subjects. Am J
Gastroenterol 1990: 85:635.

3. Huang SC. Miki K, Furihata C. Ichinose M.

10.

11.

12.

Shimizu A, Oka H. Enzyme-linked immuno-
sorbent assays for serum pepsinogens | and
Il using monoclonal antibodies - with data
on peptic ulcer and gastric cancer. Clinica
Chimica Acta 1988: 176:37.

. Malesci A, Basilico M, Bersani M, Bonato C,

Ballarin E Ronchi G. Serum pepsinogen |
elevation in cigarette smokers. Scand J
Gastrosnterol 1988 23:602

Samloff IM, Stemmermann GN. Heitbrun LK,
Nomura A. Elevated serum pepsinogen | and
Il levels differ as risk factors for duodenal
ulcer and gastric ulcer. Gastroenterology
1986: 90:570.

. Wagner S, Haruma K, Gladziwa U. Suodah

B. Gebsl M, Bleck J, Schmidt H. Manns M.
Helicobacter pylori infection and serum
pepsinogen A. pepsinogen C. and gastrin in
gastritls and peptic ulcer: Significance of
inflammation and effect of bacterial eradi-
cation. Am J Gastroenterol 1994. 89.1211.0
Sumii K. Inbe A Usmura N, Kimura M,
Haruma K. Yoshihara M, Teshima M. Kajivawa
G. Miyoshi A. Increased serum pepsinogen |
and recurrence of duodenal ulcer. Scand J
Qastroentarol 1989 24:1200.

. Blasco G, Paganelli GM, Vaira D, Holton J,

Di Febo G, Brillanti S, Migloli M, Barbara L.
Samloff IM. Serum pepsinogen | and I
concentrations and 1gG antibody to Helico-
bacter pylorl in dyspeptic patients. J Clin
Path 1993. 46.826.

. Mossi S, Mesyer-Wyss B. Renner EL., Merki

HS. Gamboni G, Beglinger C. Influence of
Helicobacter pylori, sex and age on serum
gastrin and pepsinogen concentrations in
subjects without symptoms and patients
with duodenal ulcers. Gut 1993: 34.762,
Cave TR, Cave DR. Hslicobacter pylori sti-
mulates pepsin secretion from isolated
rabbit gastric glands. Scand J Gatroentero!
(Suppl) 19971 181.9.

Goldschmiedt M, Barnett CC. Schwarz BE,
Karnes WE, Redfern JS. Feldman. M. Fffect
of age on gastric acid secretion and serum
gastrin concentrations in healthy men and
women. Gastroenterology 1991: 101:977.
Oderada G. Vaira D. Holton J. Dowsstt JF,
Ansaldi N. Serum pepsinogen | and IgG
antibody to Campylobacter pylori in- non-
pecific abdominal pain in childhood. Gut
1988. 80:912.

. Oderada G, Vaira D, Holton J. Ainley C,

7



14.

15.

16.

17.

18.

16,

S M. PARK, J. W. PARK, 5. K. CHANG, B. C. YOO AND H. J. Kim

’

Altare F. Ansaldi N. Amoxycillin plus tinida-
zole for Campylobacter pylori gastritls in
children: Assessment by serum 1gG antibo-
dy. pepsinogen I, and gastrin levels. Lancet
1989. 1:690.

Park SM. Yoo BC. Lee HR. Yoon JH., Cha
YJ. Antral Helicobacter pylori infection.
hypergastrinemia and peptic ulcers: Effect
of eradicationg the organism. Kor J Int Med
1993. 8:19.

Chittajallu RS. Dorrian CA. Neithercut WD,
Dahill S. McColl Kel. /s Hslicobacter asso-
ciated hypergastrinemia due to bacterium’s
urease activity or the antral gastritis? Gut
1991. 32:1286.

Grabam DY. Opekum A, Lew GM. Evans DJ.
Klein PD. Evans DG. Ablation of exaggerated
meal stimulated gastrin release in duodenal
ulcer patients after clearance of Hellco-
bacter pylori infection. Am J Gastroenterol
1990. 85:394.

Asaka M., Kimura T. Kudo M. Takeda H.
Mitani 8. Miyazaki 7. Miki K Graham DY.
Relationship of Helicobacter pylori to serum
pepsinogens in an asymptomatic Japansse
population. Gastroenterology 1992. 102:760
Haruma K, Sumii K, Okamodo S. Yoshihara
M. Tari A. Teixeira CR. Takehara Y. Sumii
M. Hou W. Kishimoto 8. Kajivawa A. Helico-
bacter pylori infection causes low antral
somatostatin content. Pathogenesis of inap-
propriate hypergastrinemia. Qastroenterology
1992: 102:A80.

Kaneko H. Nakada K, Mitsuma T. Uchida K,
Furusawa A, Maeda Y. Morise K. Halico-
bacter pylori infection induces a decrease in
immunoreactive somatostatin concentrations
of human stomach. Dig Dis Sci 1992: 37:
409.

20.

21,

22.

28.

24,

25.

26.

Moss SF. Legon S, Bishop AE, Polak JM.
Calam J. Effect of Helicobacter pylori on
gastric smoatostatin in duodenal ulcer di-
sease. Lancet 340, 930. 199.

Murthy UK, Linscheer R. Cho C. The hyper-
gastrinemia in Helicobacter pylori (HP)-
gastritis is due to a decrease in antral D
cell dinsity and D. G cell ratio. Gastroen-
terology 1992 102:A130.

Hunter FM, Correa P. Fontham E. Ruiz B,
Sobhan M., Samloff (M. Seurm pepsino-
gens as mgrkers' of response to therapy for
Helicobacter pylori gastritis. Dig Dis 8ci
1993. 38:2081.

Fraser AG. Prewett EJ. Pounder RE, Sam-
loff. IM. Short report: Twenty-four-hour
hyperpepsinogemia in Helicobacter pviori-
positive subjects is abolished by eradication
of the infection. Aliment Pharmaco! Ther
1992, 6:389.

Jansen JB. Klinkenberg-Knol EC. Meuwissen
SG., De Bruijne JW., Festen HP. Snel P.
Luckers AE. Biemond |, Lamers CB. Effect
of long-term treatment with omeprazole on
serum gastrin and serum A and C pepsino-
gens in patients with reflux esophagitis.
Gastroenterology 1990. 99:621.

Biemond 1. Crobach LF, Jansen JB. Lamers
CB. Effect of short-term omeprazole admi-
nistration of serum pepsinogens in relation
to fasting serum gastrin and gastric acid
secretion. Eur J Clin Pharmacol 1989:
37:345

Chittajallu RS, Dorrian CA. Ardill JE. McColl
KE. Effect of Helicobacter pylori on serum
pepsinogen | and plasma gastrin in duo-
denal ulcer patients. Scand J Gastroenterol
1992. 27.20



