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Abstract

Adaptive cytoprotection in the stomach was originally defined by applying the exogenous irritants only. The contribution of
endogenous irritants as inductors of initial lesions was not specially evaluated. No attempt was made to either focus antiulcer agent
activity on adaptive cytoprotection, or split their ‘cytoprotection’ into complex adaptive cytoprotective activity and simple cytoprotective

Ž .effects. Agents had so far not been applied simultaneously with the second challenge with ethanol or irritant , when differences between
cytoprotection and adaptive cytoprotection appear. Gastrojejunal anastomosis for 24 h in rats was introduced as new model for analyzing
cytoprotectionradaptive cytoprotection. The contribution of the up-normal level of endogenous irritants and the endogenous small
irritant-induced minor lesions during the adaptive cytoprotection were studied. The effect of late challenge with 96% ethanol in the
presence of an up-normal level of endogenous irritants and endogenous small irritant-induced minor lesions was compared with results of

Ž .classic studies of ethanol-induced gastric lesions in normal rats 1 mlrrat i.g. . Antiulcer agents or a prostaglandins-synthesis inhibitor,
Ž . Ž . Ž .indomethacin, given once only in classic studies, were given at several points during injury induction: i surgery, ii mild ethanol, iii

Ž . .strong ethanol, iv strong ethanol applied after a suitable period following either mild ethanol or surgery . Their effects were compared in
Ž . Žrats treated as follows: exogenous irritant studies 96% or 20% ethanol , exogenousrexogenous irritant studies 20% ethanol 1 h before

. Ž . Ž96% ethanol , endogenous irritant studies gastrojejunal anastomosis for 24 h , and endogenousrexogenous irritant studies gastrojejunal
. Ž . Ž Žanastomosis for 24 h before 96% ethanol . Characteristic of the various irritants differed: the preceding small irritants exogenous i.e.,

. Ž . Ž Ž .mild ethanol in healthy intact rats exogenous irritant studies vs. endogenous e.g., increased gastric acid secretion, duodenal reflux in
. Ž ..gastric content in rats with termino-lateral gastrojejunal anastomosis endogenous irritant studies . These factors caused modifications of

agents’ activities not, as initially thought, giving simple ‘cytoprotection’, but being only cytoprotective, or adaptive cytoprotective, or
Ž . Ž .both cytoprotective and adaptive cytoprotective. Atropine 10 mgrkg i.p. and ranitidine 10 mg had only cytoprotective activity

Ž . Ž . Ž .exogenous irritant-studies , whereas pentadecapeptide BPC157 10 mg or 10 ng , and omeprazole 10 mg had mainly adaptive
Ž .cytoprotective activity endogenousrexogenous irritant studies or both cytoprotective and adaptive cytoprotective activities

Ž . Ž .exogenousrexogenous irritant studies . Augmentation of the lesions by indomethacin 5 mgrkg s.c. , showed that only events preceding
the late challenge with ethanol may be prostaglandin-dependent in both models. The second, adaptive cytoprotective part, seen after late

Ž . Žethanol challenge, may be either prostaglandin-dependent exogenousrexogenous irritant studies or non-dependent endogenousrexoge-
.nous irritant studies . Both spontaneous lesion reduction, as an essential mechanism of adaptive cytoprotection, and the further lesion

reduction by agents, such as pentadecapeptide BPC 157 and omeprazole, suggests that these agents function as an essential link between
the various reactions in cytoprotectionradaptive cytoprotection. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Based on Robert’s intriguing concept of cytoprotection
Žgastric acid independent protection after one irritant chal-

Ž ..lenge exogenous irritant studies and adaptive cytoprotec-
tion, i.e., small irritants and small lesions protect against

Žstrong irritants and strong lesions in the stomach Robert,
1979; Robert et al., 1983; Robert, 1985; Robert et al.,

.1991 , many agents were claimed to be cytoprotective
ŽMoron et al., 1984; Szabo et al., 1985; Clissold and
Campoli-Richards, 1986; Szabo, 1986, 1989; Sikiric et al.,

.1993b, 1994, 1995; Kato et al., 1996 . Based on results of
Ž .recent research in cytoprotection Sikiric et al., 1997c a

complete lack of gastric acid secretion in rats was created
by total gastrectomy and challenged with an ulcerogenic
dose of cystamine. As a the result, long-claimed cytopro-
tective effect of many agents may eventually prove to be
completely gastric acid-independent, and the existence of

Ž .cytoprotection Robert’s independence from gastric acid
Ž .may be properly validated Sikiric et al., 1997c . However,

in this light, several aspects of Robert’s adaptive cytopro-
tection still need elucidation.

Ž . Ž .It is claimed by Robert et al. 1983 and Robert 1985
that the influence of natural endogenous small irritants,

Ž .e.g., increased gastric acid secretion, duodenal reflux of
gastric content, disturbed motility—as assumed in ulcer

Ždisease Robert, 1979; Robert et al., 1983; Moron et al.,
1984; Robert, 1985; Szabo et al., 1985; Clissold and
Campoli-Richards, 1986; Szabo, 1986, 1989; Robert et al.,

.1991; Kato et al., 1996 , is responsible for minor lesions
and initiation of a defensive response against major irritant
strong lesions. This assumption should be explored di-
rectly, which could be hardly done in classic studies.
Namely, classic studies of adaptive cytoprotection in nor-

Žmal rats application of exogenous irritant, e.g., mild alco-
Ž .hol mild irritant prior strong irritant, e.g., strong alcohol

Ž .. Žexogenousrexogenous irritant studies e.g., see Robert
.et al., 1983; Robert, 1985 could not anticipate the sus-

Ž .tained induction of endogenous mild irritants, and the
need for up-normal levels for small-lesion induction. If
adaptive cytoprotection is initiated by an initial instillation
of exogenous mild irritant, it is a short-term phenomenon,

Žwith brief presence in the stomach as limitation Robert et
.al., 1983 . Acute administration of an exogenous mild

irritant as a ‘small irritant’ as opposed to a sustained
increased level of endogenous irritants precludes general-
ization of the results to adaptive cytoprotection. Theoreti-

Žcally, unlike the challenge with mild alcohol Robert et al.,
. Ž .1983 , an increased gastric acid secretion, duodenal re-

flux in gastric content, or disturbed motility as endogenous
mild irritants could potentiate rather than attenuate the
effect of subsequent strong alcohol application. Conse-
quently, suitable surgery is needed for their sustained

Ž .induction endogenous irritant studies . This could permit
the investigation of possible effects of the application of
strong irritant under conditions better mimicking disturbed

conditions, e.g., ulcer disease, under which activity of the
Žcorresponding endogenous irritants could be important en-

.dogenousrexogenous irritant studies . So far, such a
demonstration of adaptive cytoprotection is still lacking.

Also, no attempt has been made to focus the activity of
the antiulcer agents onto adaptive cytoprotection. Agents
have so far been combined with the first ethanol challenge
Ž .Robert et al., 1983; Robert, 1985; Kato et al., 1996 , and
were not applied at the time of the second application of

Ž .ethanol or irritant , when the difference between cytopro-
Ž . Žtection Robert, 1979 and adaptiÕe cytoprotection Robert

. Ž .et al., 1983 may begin, i.e., ethanol Robert, 1979 vs.
Ž .ethanolqethanol Robert et al., 1983 . The agents com-

bined with the second ethanol challenge would be more
likely influence only the adaptive cytoprotection defense
response, with no effect on the prior cytoprotective re-
sponse, i.e., had they been linked with first ethanol chal-

Ž .lenge Robert et al., 1983; Robert, 1985 .
Likewise, no attempt was done to split the ‘cytoprotec-

tion’ agents into more complex adaptive cytoprotection
andror simple cytoprotective effects. Probably combining
the results of experiments with endogenous irritants, and
endogenousrexogenous irritants with results of classic
exogenous irritant experiments with results from an exoge-
nousrexogenous irritant model, could reveal that an agent
with cytoprotective properties does not necessarily have an
inherent adaptive cytoprotective activity.

In this, we introduced gastrojejunal anastomosis for 24
h in rats as a new model for analysis of cytoprotectionr
adaptive cytoprotection. Furthermore, in present study,
instead of using only one medication at only one arbitrary

Žpoint as in classic studies Robert et al., 1983; Robert,
.1985 , the antiulcer agents or a prostaglandin-synthesis

inhibitor, indomethacin, were given at several points in
injury induction, and their effect in exogenous irritant-,
exogenousrexogenous irritant-, endogenous irritant-, and
endogenousrexogenous irritant-experiments were com-

Žpared. All these antiulcer agents stomach pentadecapep-
.tide BPC 157, ranitidine, atropine, omeprazole were sug-

Žgested to have also a cytoprotective activity Moron et al.,
1984; Clissold and Campoli-Richards, 1986; Sikiric et al.,

.1993b, 1994, 1995, 1996b, 1997c . They have further
more recently been shown to have direct cytoprotective
activity also, e.g., they protected even gastrectomized rats

Ž .against cystamine-duodenal lesions Sikiric et al., 1997c .

2. Materials and methods

2.1. BPC 157: Preparation of the peptide

Pentadecapeptide Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-
Ala-Asp-Asp-Ala-Gly-Leu-Val, M.W. 1419, named BPC
157 which is a part of the sequence of human gastric juice
protein, coded BPC, freely soluble in water at pH 7.0 and
in saline, was prepared as described before. The peptide

Ž .with 99% high pressure liquid chromatography, HPLC
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Žpurity 1-des-Gly peptide as impurity, biologically inac-
. Žtive was used Sikiric et al., 1993a,b, 1994, 1995, 1996b,

.1997a,b,c,d,e; Seiwerth et al., 1997 .

2.2. Animals

Male Albino Wistar rats, 200 g b.wt., randomly as-
signed to groups, were used for the experiments, approved
by local committee. The ethanol procedure was done after
overnight fasting, with water provided until 2 h before
instillation. Besides, to avoid misinterpretations due to a
possible dilution of the strong ethanol by the gastric
contents, animals allowed water ad libitum, were used as
additional control.

2.3. Experimental procedure

2.3.1. Exogenous irritant

2.3.1.1. Ethanol models. Ethanol 96% or 20% was given
Ž .intragastrically i.g. in a dose of 1.0 mlrrat as previously

Ž .described Sikiric et al., 1994, 1996b . The animals were
Ž .killed 60 min after ethanol see Fig. 1 .

2.3.2. Exogenousrexogenous irritant
Alternatively, ethanol was given as part of the protocol

Žincluding the administration of the 20% ethanol i.g. in a
. Ždose of 1.0 mlrrat 60 min before 96% ethanol i.g. in a
.dose of 1.0 mlrrat , the animals were killed 60 min after

Ž .the application of the strong ethanol see Fig. 1 .

2.3.3. Endogenous irritant
To induce endogenous irritants’ up-normal level, e.g.,

Ž .increased gastric acid secretion, duodenal reflux in gas-
tric content, etc., the surgical procedure was done under
ether anesthesia after overnight fasting, with water avail-
able until surgery. After the duodenum was cut and closed
15 cm from the end of pylorus, the stomach at the glandu-
lar part of the greater curvature, and the aboral part of the
jejunum were joined by a termino-lateral anastomosis. The

Žanimals were killed 24 h after surgery they were without
food after surgery, with water up to the last 2 h before

. Ž .killing see Fig. 1 .

2.3.4. Endogenousrexogenous irritant
Rats with gastrojejunal termino-lateral anastomosis, and

blind closure of the duodenum, and with an up-normal
level of endogenous irritants, 24 h after surgery, were

Ž .challenged with 96% ethanol i.g. in a dose of 1.0 mlrrat .
They were killed 1 h after ethanol instillation. The animals
were left without food after surgery, but had water up to 2

Ž .h before ethanol application see Fig. 1 .

2.3.5. Drugs and drugs application
Ž .The medication rkg b.wt. : the beneficial agents: pen-

Žtadecapeptide BPC 157 10 mg or 10 ng, atropine atropine
. Žsulfate, Sigma, USA 10 mg, ranitidine Ranital, Pliva,

. Ž .Croatia 10 mg, omeprazole Ultop, Krka, Slovenia 10
Ž .mg, intraperitoneally i.p. ; a prostaglandin synthesis in-

Ž .hibitor: indomethacin 5.0 mg, subcutaneously s.c. or an
Ž .equal volume of saline 5 ml was given either 1 h before

Ž . Ž . Ž .Fig. 1. Scheme of the regimens. Time 0 calculated from the moment of strong irritant 96% ethanol application, or killing. Time y indicated the
Ž . Ž .events prior to late challenge with ethanol or the intervals before killing in the studies without strong irritant application . Time q calculated from the

Ž .moment of late challenge with strong irritant 96% ethanol application. ETH—ethanol; agents—salutary agents: pentadecapeptide BPC 157 10 mg or 10
Ž .ng; atropine 10 mg, ranitidine 10 mg, omeprazole 10 mg i.p. ; prostaglandins synthesis inhibitor indomethacin 5 mg s.c. Controls received an equal

Ž .volume of saline 5 mlrkg b.wt., i.p. . 10–15 rats per experimental group; c—period after one ethanol administration, or endogenous irritants induction by
anastomosis, referred as cytoprotection; ac—period referred as adaptive cytoprotection, after late ethanol administration, in the rats that had been

Žchallenged before by exogenous irritant instillation, or by induction of endogenous irritants by anastomosis meanwhile period referred as cytoprotection-
Ž ..period c .
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Ž .surgery endogenous irritant studies , or simultaneously
Žwith ethanol application exogenous irritant studies, exoge-

nousrexogenous irritant studies, endogenousrexogenous
.irritant studies . All the antiulcer agents were dissolved in

Žsaline, except to omeprazole prepared as before; Sikiric et
. Ž .al., 1997c , and indomethacin Indocid, Lek, Slovenia ,

which was given as a suspension in 1% sodium car-
Ž .boxymethyl cellulose solution Sikiric et al., 1996b .

2.3.6. Assessment of mucosal injury
Immediately after killing of the rats, the stomach was

Ž 2 .removed and the lesions mm , means"SEM were as-
Žsessed by naive observers as described before Sikiric et

.al., 1993b, 1994, 1996b . Representative sections of the
stomach were processed for further histological analysis.
The lesions induced in rats with gastrojejunal termino-
lateral anastomosis and the ethanol-induced lesions were

Žassessed by microscopy as described before Sikiric et al.,
.1993b, 1994, 1996b with a morphometric analysis system

Žusing a PC-based program SFORM, VAMS, Zagreb,
.Croatia . Representative tissue sections were processed for

further histological analysis as described before.

2.3.7. Statistical analysis
A Kolmogorov–Smirnov test was applied for estimation

of the normality of the data distribution. Further statistical
analyses were done by means of analysis of variance
Ž .ANOVA andror Kruskal–Wallis test, Student–New-
man–Keuls, Dunn’s and Dunnett’s tests. Differences of
0.05 or less were considered statistically significant.

3. Results

It is important for the definition of cytoprotectionr
Žadaptive cytoprotection Robert, 1979; Robert et al., 1983;

.Robert, 1985; Robert et al., 1991 to note that adaptive
Žcytoprotection may be noticeable only after but not be-

.fore the repeated challenge with ethanol. Therefore, if
adaptive cytoprotection is the aim, application of agents

Žwith the first instillation of irritant, i.e., ethanol Robert et
.al., 1983; Robert, 1985; Kato et al., 1996 may be prema-

ture and inappropriate, contrasting with theoretical defini-
Žtion Robert, 1979; Robert et al., 1983; Robert, 1985;

.Robert et al., 1991 , making any conclusions misleading.
Thus, to demonstrate the possible cytoprotective–adaptive

Ž .cytoprotective dis connection in the activity of the antiul-
cer agents, instead of using only one medication at one

Žarbitrary point, we gave the agents stomach pentadecapep-
.tide BPC 157, ranitidine, atropine, omeprazole or a

prostaglandins-synthesis inhibitor, indomethacin, at vari-
Žous moments of injury induction 1 h before surgery or

simultaneously with each ethanol application, i.e., 96% or
. Ž20% . To clarify this issue a number of protocols see

.Sections 2.3.1, 2.3.2, 2.3.3 and 2.3.4 were used, in addi-
tion to administration of the prostaglandin synthesis in-
hibitor, indomethacin, and a variety of the beneficial agents.

3.1. Exogenous irritant experiments

3.1.1. Application of 96% ethanol only
Consistent with accepted evidence, the intragastric ap-

plication of strong ethanol consistently produced severe
lesions in all the control rats. All the agents tested were
shown to potently inhibit the otherwise severe ethanol-in-
duced lesions. Indomethacin administration: there was con-
sistent aggravation of the ethanol-induced lesions in all
rats after subcutaneous co-administration of indomethacin

Ž .with the ethanol intragastric instillation Figs. 1 and 2 .

3.1.2. Application of 20% ethanol only
The mild ethanol produced no more than minute lesions

in the control rats. Simultaneous administration of the
beneficial agents, pentadecapeptide BPC 157, ranitidine,
atropine, omeprazole consistently reduced these lesions.
Indomethacin administration: as in the rats given strong
ethanol-damaged, and killed 1 h after mild ethanol admin-
istration, a subcutaneous co-administration of indo-
methacin with mild ethanol intragastric instillation also

Ž .resulted in a consistent aggravation Figs. 1 and 3 .
Thus, in these experiments, along with the suggested

Žcytoprotective activity of the agents tested alone Moron et
al., 1984; Clissold and Campoli-Richards, 1986; Sikiric et

. Žal., 1997c , there was cytoprotective activity against either
.strong ethanol or mild ethanol by all tested agents. In

view of aggravation of the ethanol-induced lesions by
indomethacin, this activity seems to be at least partly
prostaglandin-dependent, which is consistent with general

Žknowledge about cytoprotection Robert, 1979; Robert et
al., 1983; Moron et al., 1984; Robert, 1985; Szabo et al.,
1985; Clissold and Campoli-Richards, 1986; Szabo, 1986,

Fig. 2. Exogenous irritant studies. Stomach lesions induced by an intra-
gastric application of 1 mlrrat of the 96% ethanol, and assessed 1 h

Ž . Žthereafter. Treatment rkg b.wt. simultaneously with ethanol salutary
Ž . Ž .agents: pentadecapeptide BPC 157 10 mg mg or 10 ng ng , atropine 10

Ž . Ž . Ž .mg A , ranitidine 10 mg R , omeprazole 10 mg O i.p.; prostaglandin
Ž . .synthesis inhibitor indomethacin IND 5 mg s.c. . Controls received an

Ž .equal volume of saline 5 mlrkg b.wt., i.p. . 10–15 rats per experimental
group. ) P -0.05, at least vs. control.
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Fig. 3. Exogenous irritant studies. Stomach lesions induced by intragastric
application of 1 mlrrat of the 20% ethanol, and assessed 1 h thereafter.

Ž . ŽTreatment rkg b.wt. simultaneously with ethanol salutary agents:
Ž . Ž .pentadecapeptide BPC 157 10 mg mg or 10 ng ng , atropine 10 mg

Ž . Ž . Ž .A , ranitidine 10 mg R , omeprazole 10 mg O i.p.; prostaglandin
Ž . .synthesis inhibitor indomethacin IND 5 mg s.c. . Controls received an

Ž .equal volume of saline 5 mlrkg b.wt. i.p. . 10–15 rats per experimental
group. ) P -0.05, at least vs. control.

1989; Robert et al., 1991; Sikiric et al., 1993b, 1994, 1995,
.1996b; Kato et al., 1996 .

3.2. Exogenousrexogenous irritant experiments

3.2.1. Mild ethanol application followed by strong ethanol
administration

Given 1 h after a mild irritant, according to the Robert
Ž .et al. 1983 adaptive cytoprotection protocol, when the

small irritant-induced lesions were already established,
strong ethanol produced smaller lesions than it had in
exogenous irritant studies, i.e., if the same challenge with
strong ethanol had been applied without pretreatment with
mild ethanol. Indomethacin administration: subcutaneous
co-administration of indomethacin with late ethanol intra-
gastrical instillation resulted in consistent aggravation of

Ž .the ethanol lesions in all rats Figs. 1 and 4 .
Using lesion size as the only criterion of activity, the

adaptive cytoprotection-strong ethanol-induced lesions
Ž .Robert et al., 1983 , should be further reduced in the
exogenousrexogenous irritant protocol by the agents
known to antagonize the greater lesions seen in the exoge-
nous irritant protocol. This would apply unless different
quality of the final lesions were at different type. Accord-
ingly, in rats pretreated with mild ethanol, only pentade-
capeptide BPC 157 and omeprazole applied alternatively
with the strong ethanol, further reduced these lesions, to
below the mildqstrong ethanol control values. Atropine
and ranitidine did not reduce lesion formation below the
mildqstrong ethanol control values.

These data clearly showed that, i.e., atropine, ranitidine,
the beneficial effects of the antiulcer agents could some-
times be changed over the cytoprotection–adaptive cyto-

protection course, most likely, at the breakpoint of cyto-
Žprotection vs. adaptive cytoprotection effectiveness against

strong ethanol lesions and effectiveness against mild
Ž .ethanol lesions exogenous irritant studies vs. non-activity

Žagainst strong ethanol after mild ethanol exogenousrex-
..ogenous irritant studies . Since indomethacin aggravated

the lesions induced by strong ethanol given after mild
ethanol, as it did in exogenous irritant studies, these alter-
ations in the beneficial activity of atropine and ranitidine
in exogenousrexogenous irritant studies could suggest that
their action does not involve prostaglandins. On the other
hand, it is also possible that pentadecapeptide BPC 157
and omeprazole participate in the entire process of both

Žcytoprotections, Robert’s cytoprotection as an early pro-
. Žcess and adaptive cytoprotection as a subsequent, later

.process . Besides, it is known that systems other than
prostaglandins are involved in cytoprotection and adaptive

Žcytoprotection Szabo et al., 1985; Szabo, 1986, 1989;
.Kato et al., 1996 .

3.3. Endogenous irritant experiments

3.3.1. The effects on the lesions deÕelopment after 24 h of
gastrojejunal anastomosis

Cutting and closure of the duodenum at 15 cm from the
end of the pylorus, and direct connection of the stomach,
at the glandular part of the greater curvature, with the
aboral part of the jejunum, produced by a termino-lateral
anastomosis, induced conditions in gastrointestinal tract
that could mimic likely disturbances in ulcer disease: a
distended stomach and duodenum full of their content, i.e.,
an increased accumulation of gastric acid, and duodenal

Fig. 4. Exogenousrexogenous irritant studies. Stomach lesions induced
by an intragastric application of 1 mlrrat of 96% ethanol, and assessed 1
h thereafter. The rats received 20% ethanol 1 mlrrat i.g. 1 h before 96%

Ž .ethanol 1 mlrrat i.g. Treatment rkg b.wt. simultaneously with 96%
Ž Ž .ethanol salutary agents: pentadecapeptide BPC 157 10 mg mg or 10 ng

Ž . Ž . Ž . Ž .ng , atropine 10 mg A , ranitidine 10 mg R , omeprazole 10 mg O
Ž . .i.p.; prostaglandin synthesis inhibitor indomethacin IND 5 mg s.c. .

Ž .Controls received an equal volume of saline 5 mlrkg b.wt., i.p. . 10–15
rats per experimental group. ) P -0.05, at least vs. control.
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reflux, due to stasis and duodenal obstruction. These con-
ditions are in some respect similar to the pylorus ligation

Ž .model, but unlike pylorus-ligated rats Sikiric et al., 1995 ,
these animals have an uninterrupted communication be-
tween stomach and duodenum, and the blood supply not
compromised by the ligature. Under these conditions, 24 h
after anastomosis, the lesions appeared predominantly in

Ž .the stomach Figs. 1 and 5 .
The consistent lesion development clearly implies some

intrinsic ulcerogenic potential of the up-normal level of
Ž .endogenous irritants volume content cc 10 ml, pH 5.5 .

The lesions, as compared with those seen following appli-
cation of strong ethanol alone, could be considered as
minor lesions. These lesions could be thus suitable for
further investigation of the effect of later application of

Ž .strong irritant see below .
Intriguingly, application of the agents, atropine, raniti-

dine and omeprazole augmented these lesions. Pentade-
capeptide BPC 157 did not influence the appearance of
these lesions. Indomethacin administration: subcutaneous
administration of indomethacin before surgery consistently
aggravated the gastrojejunal anastomosis lesions in all rats.

The lesions appeared mostly in the glandular part of the
stomach, at a site distant from the anastomosis. Some
lesions would also appear close to the site of anastomosis
and in the upper part of the jejunum, whereas the duo-
denum was almost completely spared.

These findings clearly evidenced that the minor lesions
appeared after the level of the endogenous irritants induced
by gastrojejunal anastomosis. The demonstration that these
lesions were aggravated by indomethacin, i.e., prosta-
glandin-synthesis inhibition, as they were by the antiulcer

Ž .agents except to pentadecapeptide BPC 157 may merit
Ž .particular attention, i.e., mechanism s other than prosta-

Fig. 5. Endogenous irritant studies. Stomach lesions induced by surgery
Žgastrojejunal termino-lateral anastomosis, with blind closure of the duo-

. Ž .denum , and assessed 24 h thereafter. Treatment rkg b.wt. 1 h before
Ž Ž .surgery salutary agents: pentadecapeptide BPC 157 10 mg mg or 10 ng

Ž . Ž . Ž . Ž .ng , atropine 10 mg A , ranitidine 10 mg R , omeprazole 10 mg O
Ž . .i.p.; prostaglandin synthesis inhibitor indomethacin IND 5 mg s.c. .

Ž .Controls received an equal volume of saline 5 mlrkg b.wt., i.p. . 10–15
rats per experimental group. ) P -0.05, at least vs. control.

glandins. Nevertheless, the aggravation by indomethacin
and the subsequent relative attenuation of otherwise more
severe lesions induced by strong ethanol administration
Ž .see below , may be taken as indicators of adaptive cyto-
protection. The conditions for activation of endogenous

Ž .adaptive cyto protection could be triggered by a disturbed
gastrointestinal balance, and these processes could be
highly advanced at the time of strong irritant, i.e., strong
ethanol, application. The antiulcerogenic agents, such as
atropine, ranitidine, omeprazole—due to their inhibition of

Žgastric acid secretion see Moron et al., 1984; Clissold and
.Campoli-Richards, 1986 thus could partly interfere with

this essential, initial endogenous protective response, and
would, paradoxically, even aggravate the lesions. The pen-
tadecapeptide, unlike others agents, would not interfere as

Žit has no effect on gastric acid secretion Sikiric et al.,
.1993b; Erceg et al., 1997 .

The above discussion together with the findings from
Žexogenous irritant-experiments i.e., lesion reduction with

.all antiulcer agents , suggests that the beneficial processes
occurring during accumulation of the endogenous small
irritants in the stomach of the rats with anastomosis are
different and not further potentiated by antiulcerogenic
agent application.

3.4. Endogenousrexogenous experiments

3.4.1. The effects seen on challenge with strong ethanol
and gastroenteroanastomosis

Whereas strong ethanol applied alone in exogenous
irritant in non-operated rats without a preceding challenge
with mild ethanol produced severe lesions, the anastomosis
qstrong ethanol-lesions in operated control rats were
markedly less pronounced. Interestingly, the antiulcer
agents further attenuated in the rats with gastrojejunal
anastomosis the endogenousrexogenous irritant-induced
lesions, for example, pentadecapeptide BPC 157, in either
dose, or omeprazole was given. This had already been seen
in exogenousrexogenous irritant experiments. Atropine
did not reduce the lesions below the values in control rats
with gastrojejunal anastomosis, whereas ranitidine potenti-
ated the endogenousrexogenous irritant-induced lesions.
Indomethacin administration: subcutaneous co-administra-
tion of indomethacin with the late intragastric instillation
of strong ethanol did not influence these lesion levels
Ž .Figs. 1 and 6 .

Thus, with the mild lesions seen in the stomach follow-
ing gastrojejunal anastomosis, the finding of marked atten-
uation of the otherwise severe lesions induced by strong
ethanol in endogenousrexogenous irritant experiments
strongly favors the possibility of an adaptive cytoprotec-
tion phenomenon. However, if responsiveness or non-re-
sponsiveness to indomethacin is taken as a basis for defin-

Žing cytoprotectionradaptive cytoprotection lesions Robert
.et al., 1983; Robert, 1985 , the lesions now found in

endogenous irritant-and endogenousrexogenous irritant-
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Fig. 6. Endogenousrexogenous irritant studies. Stomach lesions induced
by intragastrical application of the 1 mlrrat of 96% ethanol, and assessed

Ž1 h thereafter. The rats were subjected to surgery gastrojejunal termino-
.lateral anastomosis, with blind closure of the duodenum 24 h before 96%

Ž .ethanol 1 mlrrat i.g. Treatment rkg b.wt. simultaneously with 96%
Ž Ž .ethanol salutary agents: pentadecapeptide BPC 157 10 mg mg or 10 ng

Ž . Ž . Ž . Ž .ng , atropine 10 mg A , ranitidine 10 mg R , omeprazole 10 mg O
Ž . .i.p.; prostaglandins synthesis inhibitor indomethacin IND 5 mg s.c. .

Ž .Controls received an equal volume of saline 5 mlrkg b.wt., i.p. . 10–15
rats per experimental group. ) P -0.05, at least vs. control.

protocols depart from the classic course. The variable
effect of indomethacin now seen, no aggravation of final
lesions in the endogenousrexogenous irritant contrary to
other protocols, could suggest a novel aspect of the cyto-
protectionradaptive cytoprotection issue: prostaglandin-
dependent vs. prostaglandins-independent processes, ex-

.ogenous vs. endogenous irritants , probably due to differ-
ent preceding conditions—specially, induction of the en-
dogenous irritants. Consistent with this, in the rats with
gastrojejunal anastomosis, while these lesions could not be
affected to any extent by indomethacin, a prostaglandin
synthesis inhibitor, again both the pentadecapeptide BPC
157, and omeprazole further attenuated the strong ethanol-

Žinduced lesions, to below the control surgery-endogenous
.irritantsqstrong ethanol values, as they had done in

exogenousrexogenous irritant-experiments. Thus, their
beneficial effects could still be convincingly interpreted as
augmentation of adaptive cytoprotective activity. Both, the
‘reactivation’ of pentadecapeptide BPC 157 and the rever-
sal of omeprazole activity in the endogenousrexogenous
irritant studies as compared to their effect with the endoge-
nous irritant, and the change in indomethacin activity
suggest that additional processes are activated after late
challenge with strong ethanol in former experiments. The
ineffectiveness of atropine is consistent with this sugges-
tion. The potentiation by ranitidine was similar, and could
suggest a role of the histamine system in cyto-

Žprotectionradaptive cytoprotection Mozsik et al., 1995;
.Bodis et al., 1997 .

Finally, while most lesions were in the glandular part,
some appeared in the forestomach, where few if any
ethanol lesions were seen in the intact rats. These lesions

Ž .were reduced or aggravated along with most of the other
lesions, if the lesions area was lessened, i.e., pentadecapep-
tide BPC 157, omeprazole, or augmented, i.e., ranitidine,
by antiulcer agents application. This shows further that the
events just described may be at least partly specific for
endogenousrexogenous irritant conditions in rats with gas-
trojejunal anastomosis damaged by the strong-ethanol ap-
plication.

3.5. The influence of no aÕailability of food and water on
ethanol-induced lesions

The possibility that the relative attenuation of lesions,
i.e., adaptive cytoprotection, is a passive result dilution of
the strong ethanol, or of buffering capacity of the gastric
content with food remnants, was tested in animals with
free access to food and water during the experiment. It was
shown that animals with a stomach full of recently eaten
food, had the same ethanol lesions as seen in the rats

Ždeprived of food and water before ethanol instillation data
.not shown . There thus did not seem to have been an effect

of ethanol dilution.
Ž .The general similarity of the results not shown with

fed rats to all those obtained in food-withdrawn animals,
regardless of irritant or surgery protocol eliminates dilution
of the strong ethanol as a crucial factor in cytoprotection
ŽRobert et al., 1974, 1983; Pare and Glavin, 1986; Holzer,´

.1991; Kato et al., 1996 .
Ž .There is further evidence from above that the new

model is suitable for its initial purpose: to split a seem-
ingly homologous ‘cytoprotection’ activity into separate,
and likely distinct agents effects.

Microscopic examination showed that in ethanol con-
trols, necrotic areas involved the entire thickness of the
mucosa. There was regenerating activity on the surface,
but the epithelium was not restored. This extensive epithe-
lial destruction was confirmed by transmission electron
microscopy. Many superficial epithelial cells showed vari-
ous stages of degeneration with derangement of organelles
and excessive mucus shedding. In animals treated with
BPC 157, the pattern of injury differed from that in
controls. The surface epithelium showed less damage dur-
ing the entire experiment and most lesions did not pene-
trate further than the upper part of the gastric glands. Less
congestion and haemorrhage were also obvious. Some

Žareas of deep necrosis and ‘submucous ulcers’ repre-
.senting necrotic areas covered by intact mucosa were

observed. Transmission electron microscopy also showed
that, despite some degenerative changes in epithelial cells,
the cohesion of the cells seemed much better preserved
than in the controls. These results were also confirmed by
scanning electron microscopy which, showed excessive
basement membrane denudation in the controls, but not in
the BPC 157 treated rats. The histological patterns seen for
other drug regimens correlated fully with the data from
visualrgross observation.
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4. Discussion

The nature of the preceding exogenous small irritant
Ž Ž .effect exogenous exogenous irritant was shown to differ

Ž ..from the endogenous one endogenous irritant studies .
This difference modifies the activity of agents, initially
thought to be simply ‘cytoprotective’. Their effectiveness
could be only simple-cytoprotective, or in a more complex
way, adaptive–cytoprotective, or both cytoprotective and
adaptive–cytoprotective activities, depending on the exper-
imental conditions. For instance, in a seemingly homoge-

Žnous group with respect to cytoprotection Sikiric et al.,
.1997c , atropine and ranitidine have only cytoprotective
Ž .activity exogenous irritant experiments , whereas pentade-

capeptide BPC157 and omeprazole have especially adap-
Žtive cytoprotective activity endogenousrexogenous irri-

.tant experiments or both cytoprotective and adaptive cyto-
Žprotective activities exogenousrexogenous irritant experi-

.ments .
Primary minor lesions that appeared following a mild

Ž .irritant, either exogenous Robert et al., 1983 , or endoge-
Ž .nous as described above presented the basal lesion level

at the moment of strong ethanol application, i.e., exoge-
nousrexogenous irritant experiments vs. endogenousrex-
ogenous irritant experiments. If challenged with strong
irritant, i.e., strong ethanol, these lesions responded vari-
ously but did show that further attenuation was still possi-
ble. This was the first clear demonstration that adaptive
cytoprotection can still function if the endogenous balance
is disturbed.

ŽBy extending the application protocols four points vs.
.one point , we provided evidence that the level of these

lesions, minor and major, and the course of their develop-
ment, could be modified by the antiulcer agents or by

Žindomethacin commonly used as a prostaglandin synthesis
inhibitor, i.e., Robert, 1979; Robert et al., 1983; Robert,

.1985; Robert et al., 1991 depending on the timing of
Ž . Ž . Ž .application: i surgery, ii mild ethanol, iii strong

Ž .ethanol, iv strong ethanol applied after a suitable period
following either mild ethanol or surgery. The data thus
obtained showed that the question of cytoprotectionradap-
tive cytoprotection involves considerable heterogeneity.

ŽSeveral models of reactions prostaglandin-dependent vs.
prostaglandin-independent, exogenous vs. endogenous

.small irritants should thus be proposed. It is likely, that
the models are sequentially involved, prior to or after
challenge with a strong irritant. We propose that only the
first cytoprotective part is prostaglandin-dependent in both
models. The second, adaptive–cytoprotective part, i.e.,
after second challenge in the series, is strong ethanol
administration, could be either prostaglandin-dependent
Ž .exogenousrexogenous irritant or prostaglandin-non-

Ž .dependent endogenousrexogenous irritant . The involve-
ment of other systems, i.e., cholinergic, histaminergic,
peptidergic, is very likely, particularly in experiments with
endogenous irritants. Admittedly, this suggestion that new

model together with classic model is suitable for splitting a
seemingly homologous ‘cytoprotection’-activity into sepa-
rate, and likely distinctive agents effects, is based on the
results with indomethacin and antiulcer agents activity.
However, this is also the case with the classic understand-

Žing of cytoprotectionradaptive cytoprotection Robert,
1979; Robert et al., 1983; Moron et al., 1984; Robert,
1985; Szabo et al., 1985; Clissold and Campoli-Richards,
1986; Szabo, 1986, 1989; Robert et al., 1991; Sikiric et al.,

.1993b, 1994, 1995; Kato et al., 1996 , whereas precise
mechanism remains elusive.

Nevertheless, along with spontaneous lesions reduction,
Žas an essential tool of adaptive cytoprotection Robert et

.al., 1983; Robert, 1985 , the further lesions reduction
achieved with agents, such as pentadecapeptide BPC 157
ŽSikiric et al., 1993a,b, 1994; Bosnjak et al., 1994; Paré
and Kluczynski, 1994; Veljaca et al., 1994a,b, 1995a,b;
Sikiric et al., 1995; Sandor et al., 1996; Sikiric et al.,
1996b, 1997a,b,c,d,e; Seiwerth et al., 1997; Sandor et al.,

. Ž1997; Bodis et al., 1997 or omeprazole Clissold and
.Campoli-Richards, 1986 , suggests that they are essential

links between the various reactions in cytoprotectionradap-
tive cytoprotection chain.
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