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Abstract Gastrin can induce mitotic stimulation in thevere made available. Theoretically, mitogenesis might
oxyntic mucosa of the stomach, sometimes leading aidow an increased frequency of mutation. Effects on se-
abnormal growth. We examined whether gastrin was ahlen gastrin levels raised concerns, especially in the
to influence cell proliferation in the oesophageal epithehronic treatment of ulcer patients. However, the clinical
lium. Rats were treated with gastrin, omeprazole or significance of ECL-cell hyperplasia, ECL-cell tumours
line for 3 days, or were subjected to fundectomy or shamgastric polyps observed after long-term use of proton
operation. Bromodeoxyuridine labelling (LI) and mitotipump inhibitors does not outweigh the benefit of these
(MI) indices were counted in the proliferative zone of thdrugs in the modern treatment of peptic disease. The
squamous epithelium. Infusion of exogenous gastrggfety of chronic use of acid-blocking drugs in the treat-
treatment with omeprazole or fundectomy raised the mlent of gastro-oesophageal reflux disease may also be
and the MI values in the oesophageal epithelium, inddestioned. Chronic administration of a proton pump in-
cating that gastrin stimulates cell proliferation in thieibitor is increasingly used in the treatment of patients
oesophageal mucosa in the rat. with reflux oesophagitis, but the effect of gastrin on epi-

thelial growth in the oesophagus has not been explored.
Key words Gastrin - Oesophagus - Cell kinetics - 2ats In the present study, we examined the effect of both
exogenous and endogenous gastrin on proliferative activ-
ity in the oesophageal epithelium of rats.

Introduction

The hypothesis that gastrin acts as a trophic horm@gterials and methods

throughout the entire digestive tract [4, 5, 16, 17, 21, 25] Is

controversial [7, 10]. A trophic effect of physiological corMale Sprague-Dawley rats weighing 250-300 g were used. Unless
centrations of gastrin has not been confirmed in gastric glherwise specified, the animals had free access to tap water and

: . andard rat food pellets. The experiments and operative proce-
tral mucosa [3], pancreas [10], small intestine [7, 24], ires were carried out in accordance with the principles of labora-

lon [8] or gallbladder [19]. In fact, the only part of the guéry animal care, the rules laid down by the Ethical Committee on
that is unanimously recognised as a target for the growthimal Research of the Free University of Brussels, the Belgian

promoting effect of gastrin is the oxyntic mucosa of t#ggislation and the European Economic Community regulations.

; At P ; ; In a first experiment, 18 rats were anaesthesised with an i.p. in-
stomach [13, 29]. In vivo mItOt.IC "?‘C“V'ty of both ‘?p'th.e“ .Iection of 300 mg/kg of chloral hydrate. Through a small longitu-
stem cells and enterochromaffin-like (ECL) cells in this tignal neck incision, the right jugular vein was dissected free and a
sue is selectively stimulated by gastrin in experimental agiitheter was inserted and tunnelled subcutaneously to the back of

mals [12, 28]. the neck. Then it was connected to an external metal tether and a
The trophic effects of gastrin became a matter of ¢ jquid swivel joint system, allowing the animals to move freely.

h tent inhibit f acid fi hich si e animals were randomly divided into three groups of 6 animals
cern when potent InNIDItOrs of acid secretion, WNICN Sig5ch  ysing a syringe pump (World Precision Instruments, Aton,

nificantly increase the serum gastrin concentrations) each animai was given a continuous infusion of 10 ml/24 h of

1% bovine serum albumin (Sigma, St. Louis, Mo.) in saline. Drug

Y. Van Nieuwenhove - T. De Backer - G. Willerhg administration was started on the day after the operation. In the
Department of Experimental Surgery, Free University of BrusseliSt 9roup rat gastrin-17 (Sigma) was added to the infusion medi-
Laarbeeklaan 101, B-1090 Brussels, Belgium Um, delivering a dose of 2.5 nmol/kg per h (=5\8Zkg per h) of

Tel.: (+32)-2/477 65 37, Fax (+32)-2/477 65 05 gastrin in 3 days. In the second groupj2fol/kg (=6.91 mg/kg)
e-mail: yvnieuwe@heei.vub.ac.be of the i.v. solution of omeprazole was injected once daily at 9 a.m.

through the catheter, also for 3 days. In the third group only the
D. Chen - R. Hakanson vehicle solution was given. Thereafter, the rats were killed by ex-
Department of Pharmacology, University of Lund, Lund, Sw~dersanguination, 1 h after an i.p. injection of 60 mg/kg of bromode-
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Table 1 Serum gastrin concentrations and proliferative paramsion of rat gastrin-17 (2.5 nmol/kg perw6) or a daily bolus of
ters in the progenitor zone of the oxyntic mucosa of vehicle treatmeprazole (20 umol/kg per day;6)
ed control ratsn=6) and animals treated with a continuous infu-

Serum gastrin Oxyntic mucosa
concentrations (pg/ml)
Labelling index (%) Mitotic index (%)
Control 59.14 + 15.18 3.43+0.19 0.11 £0.02
Omeprazole 315.32 + 88.28 7.50£0.61" 0.26 £ 0.04*
Gastrin 319.52 + 72.87 9.70 £ 1.77" 0.35 +0.05"

*P<0.05;,*P<0.01

oxyuridine (BrdU; Sigma). The oesophagus and the oxyntic atba uppermost parietal cell in each gland [28].
of the stomach were excised and fixed for 24 h in 10% neutral for- The percentages of labelled cells, or LI, and of mitotic figures,
malin at 4°C. Blood was collected and centrifuged and serum veaiMl, were determined in a total of 2000 nucleated epithelial cells
kept frozen at —80°C for serum gastrin assay. in the progenitor zone of the oesophagus and in the progenitor
In a second experiment 45 animals were randomly subdividazhe of 20 well-defined glands of the gastric oxyntic gland area in
into three groups of 15 rats each; these were kept fasted for 22Zabh animal.
before surgery. Chloral hydrate anaesthesia was used. In the firsFor the gastrin assays, a double-antibody liquid-pkétea-
group, fundectomy was carried out through a median laparotodigimmunoassay (Diagnostic Products Corporation, Los Angeles,
by resecting the oxyntic gland area of the stomach and sutur@aif.) was used as described in detail elsewhere [11, 26]. Serum
the rumen to the antrum, using interrupted sertix silk (5/0) suturesncentrations were expressed as picogram equivalents of synthet-
A Heineke-Miculicz pyloroplasty was carried out to anticipate pye human gastrin-17 per millilitre.
lorospasm resulting from vagal damage. In the second group aResults were expressed as means + SEM, Studeras for
simple transection through the gastric corpus was made withaopaired samples was used after arc sine transformation of the
any resection, followed by reanastomosis and pyloroplasty. Tgr@portions. The significance of correlation was calculated using
animals of the third group were not submitted to anaesthesiaF@her’s r-to-z transformation. Statistical significance was set at
surgery. P <0.05.
After a 2-week recovery period, all the animals were kept fasted
for 24 h and were killed 1 h after one i.p. injection of BrdU. The
oesophagus was resected and fixed in 10% neutral formalin and
blood was taken for serum gastrin assay as in the first experimeiResults
Mucosal samples were cut perpendicular to the mucosal sur-
face and were stained for BrdU uptake. For this purpose an api- . . .
BrdU antibody (Dako, Glosbrup, Denmark) and the immunope%—e‘_rum gastrin values were increased 5-fold both in the
oxidase technique were used, following a technique descril@gimals receiving exogenous gastrih € 0.01) and in

elsewhere [18]. The uptake of BrdU in the cells was indicated {iyose given omeprazol® (< 0.05) compared with con-
thelselectlve brown staining of the cell nucleus. trol rats (Table 1).

n a preliminary study in 10 normal rats, the limits of the nor- . . .
mal progenitor zone of the oesophageal epithelium and that of theBOth LI and Ml values were increased in the oxyntic
gastric oxyntic glands were determined by establishing a spa@ié®nds in response to gastrid€ 0.01) or to omeprazole
distribution histogram of the labelled cells for each. For this pyiP < 0.01) (Table 1). In the oesophageal epithelium both

pose, the positions of 1000 labelled cells in each tissue speci ?Bliferative parameters were increased both in the gas-

were noted and expressed as the number of cells above the -
cell layer in the oesophageal epithelium or above the upperm treated P < 0.01) and in the omeprazole-treated

chief cell in each gastric oxyntic gland examined. Since more tdh < 0.01) groups compared with control rats (Fig. 1).
95% of the labelled cells were observed within the two basal célhere was a significant correlation between the serum

layers of the oesophageal epithelium, both labelling (LI) and n?g?smn concentration and the Lh & 18, r = 0.59
I 1 . )
tor

totic (MI) index counts were restricted to this area, which is cal :
the proliferative zone [6]. In the oxyntic glands, the progeni <0.05) on the one hand and between the serum gastrin

zone was defined as the area between the uppermost chief cell and

Fig. 1a Labelling index (LI %) 16 T3 0.7

in the oesophageal epithelium ] > > i b
of controls [J) and of rats 14 [ 0.6 -
treated with gastrina() or om- 12 L
eprazole?). ** P<0.01.b ’ L 0.5 7 " " -
Mitotic index (M1%) in the 10 L
oesophageal epithelium of con- e 2 0.4
trols (J) and of rats treated S 8- - 2
with gastrin @) or omeprazole = | 1 =0.3
(@) ** P<0.01 6 r
4 | 0.2 .
2 4 - 0.1
0 . = 0

L Mi
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Fig. 2a Ll in the oesophageal 16 0.7
epithelium of control rat{ () and a I b
of rats after fundectomyz) or 147 i 0.6
simple gastric transectiom ). 12 1 L 1
NS not significant; *P < 0.05, vs * 0.5
controls;TP < 0.05, vs sham op- 10 1 L

erated animals. Mitotic index in o T 50 0.4
the oesophageal epithelium of 2 8 - 7 -

control rats[J) b or rats after - ] =0.3
fundectomy 72) or simple gastric 6 1
transections) NS not signifi- 4 - s 0.2 [
cant, **p < 0.01, vs controls;

TP < 0.01, vs sham operated 2 0.1
animals.

Table 2 Serum gastrin concentration in intact control ratslp),
fundectomised rat€12) and operated control rats, subjected t @
simple gastric transsection<15)

Operation Serum gastrin concentration (pg/ml) 4 ; ,
Control 53.74 £3.27

Fundectomy 358.18 + 44.33%

Transection 62.51 + 4.8%

NS not significant; **P < 0.01 vs controlsi™ P < 0.01 vs operated
control

concentration and the Mh(E 18,r = 0.52,P < 0.05) on
the other.

After fundectomy 12 animals were available for th p
study, since 2 animals died postoperatively and 1 anin °
was excluded because of a pyloric stenosis and gas
dilatation. Serum gastrin levels increased more than| g
fold (P < 0.01) compared with the controls. A simplég
gastric transection did not affect the serum gastrin cq}&
centrations (Table 2). ‘

LI (P <0.01) and MI P < 0.01) were higher in the
fundectomy group than in the normal controls or in t
transected group (Fig. 2). The proliferative parameters
the controls and in the transected rats were similar.

There was a significant correlation between the ser
gastrin level and the Lin(= 43,r = 0.34,P < 0.01) and

between the serum gastrin level and the MI=(43, o _ _
r=0.59,P < 0.01). Fig. 3 Bromodeoxyuridine-labelled cells in the progenitor-zone of

' the oesophageal epithelivamof an intact control rat anld of a rat
after a 3-day intravenous treatment with gastrin-17 (2.5 nmol/kg
per h) 400:¢

Discussion

The possibility that gastrin might stimulate mitotic activelevated serum gastrin concentrations influenced mitotic
ity in the oesophagus has never been investigated. Reeetivity in the oesophageal epithelial cells in rats.

studies have reported an increased incidence of oesoph&upramaximal doses of gastrin or of pentagastrin
geal adenocarcinoma [2, 14] in Western countries, dmale been used in most previous studies on the trophic
the link with gastro-oesophageal reflux disease seemeffect of gastrin in the gut, and the physiological signifi-
be well established [9, 15, 27, 30]. Since practically @nce of the effects observed has therefore been much
patients suffering from severe reflux oesophagitis atebated. In the present study, infusion of a relatively low
treated with potent acid-blocking drugs, investigations dbse, namely 2.5 nmol/kg per h of rat gastrin-17 was
a possible mitogenic effect of gastrin in this organ coulded; this should increase serum gastrin levels in rats by
be interesting. In the present study we examined wheth60-500%. Using these doses previously, we had ob-
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served that it was possible to mimic endogenous gasiiiterences
levels resulting from achlorhydria [23]. However, omepr-
azole at a dose of 2@mol/kg per day is known to abol- 1. Attwood SEA, Smyrk TC, DeMeester TR, Mirvish SS, Stein

ish acid secretion in the rat [20]. In the present study, in- HJ, Hinder RA (1992) Duodenoesophageal reflux and the de-

fusion through venous catheterisation was preferred to‘é%'é’p?l%m of esophageal adenocarcinoma in rats. Surgery 111:

gastric intubation because mechanical irritation of thg gjot wJ, Devesa SS, Kneller RW, Fraumeni JF (1991) Rising
oesophagus by the tube could have influenced local cellincidence of adenocarcinoma of the esophagus and the gastric

renewal. The surgical resection of the acid-secreting partcardia. JAMA 265:1287-1289

; ; Casteleyn PP, Dubrasquet M, Willems G (1977) Opposite ef-
of the mucosa also induced endogenous hypergasmn&efects of gastrin on cell proliferation in the antrum and other

mia while avoiding the administration of an acid-block- parts of the upper gastrointestinal tract in the rat. Am J Dig
ing drug. The estimation of LI and MI values showed Dis 22:798-804
that administration of gastrin or of omeprazole stimulat4. Chu M, Rehfeld J, Borch K (1992) Effects of gastric fundecto-

i i i i i my and antrectomy on the colonic mucosa in the hamster. Di-
ed the epithelial cell proliferation in the oesophagus gestion 53:28-34

(Fig. 3). C_:oncomit_ant stimulation _of cell prol_ifera_tior) iNg Crean GP, Marshall MW, Rumsey RDE (1969) Parietal cell
the gastric oxyntic glands confirmed earlier findings hyperplasia induced by the administration of pentagastrin (ICl
[23]. 50,123) to rats. Gastroenterology 57:147-155

Previous studies on cell renewal in the canine oesoph-De Backer A, Haentjens P, Willems G (1985) Hydrochloric ac-

P : ; f . id. A trigger of cell proliferation in the esophagus of dogs. Dig
agus had indicated that gastric acid alone is able to stim-y:. 5. 30:884-890

ulate oesophageal epithelial mitotic activity [6]. In-7_ Ekundayo AA, Lee CY, Goodlad RA (1995) Gastrin and the
creased oesophageal reflux of acid under the effect ofgrowth of the gastrointestinal tract. Gut 6:203-208

gastrin-induced acid hypersecretion could therefore Ife Goodlad RA, Lenton W, Ghatei MA, Adrian TE, Bloom SR,

; g Wright NA (1987) Effects of an elemental diet, inert bulk and
held responsible for the observed mitotic response aft(:"rdifferent types of dietary fibre on the response of the intestinal

gastrin infusion. However the simultaneous observation gpithelium to refeeding in the rat and relationship to plasma
of a stimulatory effect of an acid-inhibitory drug was at gastrin, enteroglucagon, and PYY concentrations. Gut 28:
odds with this latter explanation. A direct effect of the 171-180

omeprazole molecule on epithelial cell replication wa$- Haggitt RC, Tryzelaar J, Ellis FH, Colcher H (1978) Adeno-

unlikely: elimination of acid secretion by fundectomy z\%cjngm]apczftm“?gf'lrl%COIumnar'“ned (Barrett's) esophagus.

also induced a significant proliferative stimulation in thg. Hakanson R, Sundler F (1991) Trophic effects of gastrin.
oesophagus. Previous studies on the mitotic stimulationScand J Gastroenterol 26 [Suppl 180]:130-136
of ECL cells in omeprazole-treated rats have indicatétt Hakanson R, Kroesen JH, Liedberg G, Oscarson J, Rehfeld JF,

. Stadil F (1974) Correlation between serum gastrin concentra-
that omeprazole per se was not responsible [28]. Elevat'tion and rat stomach histidine decarboxylase activity. J Physiol

ed serum gastrin concentrations were the common de-43:483-498
nominator in the animals subjected to fundectomy, thalse Hakanson R, Blom H, Carlsson E, Larsson H, Ryberg B, Sun-
given omeprazole and those receiving synthetic gastrin.dler F (1986) Hypergastrinemia produces trophic effects on

; ; ; the stomach but not in the pancreas and intestines. Regul Pept
Therefore, knowing the stimulatory effect of gastrin on 13.205-233

cell proliferation in the stomach, we felt it was reasofz. Hakanson R, Oscarson J, Sundler F (1986) Gastrin and the tro-
able to consider that gastrin was the main factor respon-phic control of gastric mucosa. Scand J Gastroenterol 21
sible for the observed response. A significant, albeit [Suppl 118]:18-30 ) o

weak, correlation between the serum gastrin concent4-Hansson LE, Sparén P, Nyrén O (1993) Increasing incidence

. . . of both major histological types of esophageal adenocarcino-
tions and the two proliferative parameters also favoured a5 among men in Sweden. Int J Cancer 54:402—-407

a causal relationship between serum gastrin and iB: Hameeteman W, Tytgat GNJ, Houthoff HJ, Van Den Tweel JG
creased cell proliferation in the oesophagus. (1989) Barrett's esophagus: development of dysplasia and ade-
The possibility that a sustained stimulation of epithe. nocarcinoma. Gastroenterology 96:1249-1256

. . . . . 6. Johnson LR, Aures D, Hakanson R (1969) Effect of gastrin on
lial cell proliferation in this organ could eventually lea the in vivo incorporation of 14C-leucine into protein of the di-

to the onset of abnormal growth patterns was an attrac-gestive tract. Proc Soc Exp Biol Med 132:996-998
tive working hypothesis. The opportunity to introduce am. Johnson LR, Aures D, Yuen L (1969) Pentagastrin-induced
additional pharmacological stimulant of cell replication stimulation of protein synthesis in the gastrointestinal tract.

Am J Physiol 217:251-254
to the local effect of the gastroduodenal refluxate [1, Lacy ER (1991) A rapid, accurate, immunohistochemical

should perhaps be taken into consideration when chroniCyethod to label proliferating cells in the digestive tract. A
drug administration over a long period is required. HOw- comparison with tritiated thymidine. Gastroenterology 100:
ever, the recently observed increase in incidence of hu-259-262 _ »

man oesophageal cancer relates to adenocarcinoma@ngamote J, Putz P, Willems G (1982) Effect of cholecystokinin-

tt I . Theref link b octapeptide, caerulein, and pentagastrin on epithelial cell prolif-
not to squamous cell carcinoma. Iherefore, a link De- gration in the murine galbladder. Gastroenterology 83:371-377

tween mitotic stimulation in the squamous epitheliurg. Larsson H, Carlsson E, Junggren U, Olbe L, Sjostrand SE,
glandular metaplasia in this epithelium and, eventually, Skanberg I, Sundell E (1983) Inhibition of gastric acid secre-

adenocarcinoma, is far from being established. g(())g %)67omeprazole in the dog and rat. Gastroenterology 85:
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