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Abstract

Ž .The known effects of a novel stomach pentadecapeptide BPC157 10 mg or 10 ngrkg , namely its salutary activity against ethanol
Ž . Ž . Ž .96%, i.g. -induced gastric lesions simultaneously applied i.p. and in blood pressure maintenance given i.v. , were investigated in rats

G Ž . Ž .challenged with a combination of N -nitro-L-arginine methylester L-NAME 5 mgrkg i.v. , a competitive inhibitor of endothelium
Ž . Ž . Ž .nitric oxide NO -generation and NO precursor, L-arginine 200 mgrkg i.v. D-arginine was ineffective . In the gastric lesions assay, NO

agents were given 5 min before ethanol injury and BPC 157 medication. Given alone, BPC157 had an antiulcer effect, as did L-arginine,
but L-NAME had no effect. L-NAME completely abolished the effect of L-arginine, whereas it only attenuated the effect of BPC 157.
After application of the combination of L-NAMEqL-arginine, the BPC157 effect was additionally impaired. In blood pressure studies,

Ž . Žcompared with L-arginine, pentadecapeptide BPC 157 without effect on basal normal values had both a mimicking effect impaired
L-NAME-blood pressure increase, when applied prophylactically and decreased already raised L-NAME values, given at the time of the

Ž .. Žmaximal L-NAME-blood pressure increase i.e., 10 min after L-NAME and preventive activity L-arginine-induced moderate blood
.pressure decrease was prevented by BPC 157 pretreatment . When BPC 157 was given 10 min after L-NAMEqL-arginine combination,

Ž .which still led to a blood pressure increase, its previously clear effect noted in L-NAME treated rats disappeared. In vitro, in gastric
Ž .mucosa from rat stomach tissue homogenates, BPC 157, given in the same dose 100 mM as L-arginine, induced a comparable generation

Ž .of NO. But, BPC 157 effect could not be inhibited by L-NAME, even when L-NAME was given in a tenfold 100 versus 1000 mM
higher dose than that needed for inhibition of the L-arginine effect. NO synthesis was blunted when the pentadecapeptide BPC 157 and
L-arginine were combined. In summary, BPC 157 could interfere with the effects of NO on both gastric mucosal integrity and blood
pressure maintenance in a specific way, especially with L-arginine, having a more prominent andror particularly different effect from that
of NO. q 1997 Elsevier Science B.V.
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1. Introduction

The possibility that a novel stomach pentadecapeptide
ŽBPC 157, thought to be essential for beneficial activity of

an organoprotective protein isolated from human gastric
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Ž ..juice named BPC and which has noted beneficial effects
ŽSikiric et al., 1993b, 1994, 1996a,b, 1997a,b; Seiwerth et

.al., 1997; Grabarevic et al., 1997 could interact with NO
was investigated.

Based on its salutary effect on ethanol-induced lesions
and on other lesions gastrointestinal lesions induced by

Žvarious challengers i.e., prolonged stress, nonsteroidal
anti-inflammatory analgetics, cystamine, trinitrobenzene
sulfonic acid, dinitrofluorbenzene sulfonic acid, acute pan-

. Žcreatitis, somatosensory neurons depletion Sikiric et al.,
1993b, 1994, 1996a,b, 1997a,b; Veljaca et al., 1994a,b,

.1995b, Pare and Klucyznski, 1994; Sandor et al., 1996´
BPC was recently claimed to have a ‘cytoprotective’ ef-
fect, particularly on the gastrointestinal intestinal mucosa,
along with a particular beneficial effect on endothelium

Ž .integrity Sikiric et al., 1993b, 1994 . Considering the
existence of BPC-157 in gastric juice and its unusual

Ž . Žstability Sikiric et al., 1993b i.e., incubated in human
gastric juice or in water, this pentadecapeptide is not

Žsubjected to degradation at least for 24 h Veljaca et al.,
..1995a it is likely that this peptide has some biological

actions. It is suggested that BPC, which is formed constitu-
Ž .tively in the gastric mucosa body and which is present in

Žgastric juice Sikiric et al., 1993a,b,c, 1994, 1996a,b,
.1997a,b,c , protect the stomach against injury. Evidence

shows that this pentadecapeptide has a strong anti-in-
flammatory activity in both acute and chronic inflamma-

Ž .tion models Sikiric et al., 1993a, 1997c , reduces the
Žrelease of inflammatory mediators i.e., myeloperoxidase,

.leukotriene B , tromboxane B in vitro and in vivo4 2
Ž .Veljaca et al., 1994a,b, 1995b , markedly attenuates vari-

Ž Žous experimental lesions in other organs i.e., liver Sikiric
. Ž . Žet al., 1993c , pancreas Sikiric et al., 1996b , heart Sikiric

et al., 1993b; Bosnjak et al., 1994; Grabarevic et al.,
..1997 and promotes wound and fracture healing in rats

Ž .Sikiric et al., 1993b, Seiwerth et al., 1997 . Interestingly,
Žan effect on disturbed blood pressure e.g., Goldblatt’s

. Ž .hypertension has also been noted Sikiric et al., 1993b .
However, the mechanism remains elusive. A complex
interaction with adrenergic and dopaminergic systems has

Ž .been reported Sikiric et al., 1997a . The release of this
pentadecapeptide from somatosensory neurones is sug-
gested, based on experiments with neurotoxin capsaicin, in

Ž .a nociception assay Sikiric et al., 1993a and nasal
Ž . Ž .Kalogjera et al., 1997 and intestinal Sikiric et al., 1996a
lesions studies. Since neuropeptides originating from the
afferent sensory neurones in the vicinity of the microves-
sels are involved in the regulation of the release of the

Ž .endothelium-derived mediators Whittle et al., 1992 , it
was reasonable to investigate whether the effects of this
novel stomach pentadecapeptide, BPC, could be a result of

Ž .its interaction with nitric oxide NO .
ŽExtension of NO studies usually limited to blunted

.generation of NO and investigation of the influence of
this novel gastric pentadecapeptide, under conditions of
both a blunted generation of NO and NO substrate applica-

tion, appear to be a rather logical approach in light of the
widely suggested importance of NO as an essential sig-
nalling system in the gastrointestinal and cardiovascular

Žsystems for review, see Moncada et al., 1991; Whittle et
.al., 1992 . Bearing in mind the recognized dual role of

NO, both an inhibition and an uncontrolled excess of NO
Žwould lead to significant damage Lopez-Belmonte et al.,

.1993; Whittle et al., 1992 . A beneficial effect was sug-
Žgested for L-arginine, the precursor of NO for review see

.Whittle et al., 1992 , but agents which liberate NO are
Žulcerogenic when given in the higher doses Lopez-Be-

.lmonte et al., 1993 . L-arginine analogues and NO genera-
tion inhibitors are consistently claimed to be ulcerogenic
Ž .for review see Whittle et al., 1992 but bicarbonate secre-

Žtion could be enhanced by these agents Takeuchi et al.,
.1993; Takeuchi and Okabe, 1994 , an effect also associ-

Žated with an increase in systemic blood pressure Takeuchi
.and Okabe, 1994 . Finally, besides being essential for

blood pressure maintenance, induction of NO synthase
Žseems to be responsible for severe shock Moncada et al.,

.1991 . Thus, this investigation could help to further eluci-
date a variety of NO interactions.

Therefore, in addition to studying the interplay of
NOrBPC 157 in the maintenance of stomach mucosal
integrity, the effect of BPC 157 application on the blood
pressure changes induced by a potent endothelial NO

G Žsynthesis inhibitor N -nitro-L-arginine methylester L-
. Ž .NAME Whittle et al., 1992 and a NO precursor, L-
Ž .arginine Moncada et al., 1991 , are an additional focus in

the present report. In addition, using the biochemical tech-
Ž .niques described before by Whittle et al. 1992 , the

Žinfluence of this pentadecapeptide along with L-arginine
.or L-NAME, given alone, or in combination on the activ-

ity of NO synthase in homogenate supernatants of gastric
mucosa from the rat stomach was investigated. To empha-
size the experimental rationale for the present study, the
NO system has to date not challenged by simultaneously
testing the effect of an agent on the changes induced by
L-arginine as well as L-NAME, given both separately and
together, even though this dual activity of the NO system

Žis widely recognized for review, see Moncada et al., 1991;
.Whittle et al., 1992 , at least from a theoretical point of

view.

2. Materials and methods

2.1. Drugs

ŽThe pentadecapeptide BPC157 GlyGluProProProGly-
.LysProAlaAspAspAlaGlyLeuVal, M.W. 1419 , a partial
Žsequence of human gastric juice peptide BPC Sikiric et

.al., 1993a,b,c, 1994, 1996a,b , is freely soluble in water at
pH 7.0 and in saline and was prepared as described before
ŽSikiric et al., 1993a,b,c, 1994, 1996a,b, 1997a,b,c; Seiw-

.erth et al., 1997; Grabarevic et al., 1997 . Peptide with
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Ž .99% high-pressure liquid chromatography HPLC purity
Ž .1-des-Gly peptide as impurity , dissolved in saline, was

Žused in all of the experiments Sikiric et al., 1993a,b,c,
1994, 1996a,b, 1997a,b,c; Seiwerth et al., 1997; Grabare-

. Žvic et al., 1997 . L-NAME, L-arginine, D-arginine Sigma,
.St. Louis, MO, USA were dissolved in saline as described

Ž .before Takeuchi et al., 1993 .

2.2. Animals

Male Wistar rats, 250–280 g body weight, were used
for all of the experiments.

2.3. Ethanol model

Ž .Ethanol 96% was given i.g. in a dose of 1.0 mlrrat as
Ž .previously described Sikiric et al., 1993b, 1994, 1996a

and the animals were euthanized 60 min after ethanol.
Ž .Pentadecapeptide BPC 157 10 mgrkg or 10 ngrkg i.p.

Žwas given simultaneously with ethanol. L-NAME 5
. Ž . Žmgrkg , L-arginine 200 mgrkg and D-arginine 200
.mgrkg were given intravenously in the tail vein, alone or

in combination, 5 min before ethanol or pentadecapeptide
application. Controls received simultaneously the same

Ž .volume of saline 5 mlrkg i.p. or 1 mlrkg i.v. . Immedi-
ately after the euthanasia, the stomach was removed and
the lesions were assessed by naive observers as described

Žbefore i.e., photographed and lesion areas assessed mor-
Žphometrically using a computer program SFORM, VAMS,
.. ŽZagreb, Croatia Sikiric et al., 1993b, 1994, 1996a,b,

.1997a,b . Representative sections of the stomach were
processed for further histologic analysis as described be-

Ž .fore Sikiric et al., 1993b, 1994, 1996a,b, 1997a,b,c .

2.4. Blood pressure assay

Mean systemic arterial blood pressure was assessed
continuously for a 90 min period after drug medication by
means of a cannula in the right carotid artery connected to

Ž .a pressure transducer Hellige, Germany and a chart
Žrecorder. Rats were anaesthetized with urethane 0.6 grkg

.i.p., 0.3 grkg s.c. . 10 min after the start of surgery, BPC
Ž . Ž .157 10 mgrkg or 10 ngrkg , L-NAME 5 mgrkg ,

Ž . Ž .L-arginine 200 mgrkg , and D-arginine 200 mgrkg
were given intravenously, alone or in combination, through
a cannula inserted into the jugular vein. In pretreatment
studies, based on our previous experiments, BPC 157 was
applied 15 min before L-NAME or L-arginine application.
In posttreatment studies this pentadecapeptide was given
10 min after L-NAME medication, corresponding to the
time of the maximal L-NAME-induced blood pressure

Ž .increase. L-arginine or D-arginine was given simultane-
ously with, or alternatively, 10 min after L-NAME admin-
istration. Controls received simultaneously an equivolume

Ž .of saline 1 mlrkg i.v. . The blood pressure changes,
which were originally estimated in mmHg, are expressed

Ž . Ž 2 . Žas the areas under the curve AUC cm Campbell and
. ŽMachin, 1995 1 cm y-axis represents 10 mmHg, 1 cm

.x-axis represents 1 min and they were assessed for each
experimental group.

2.5. Tissue preparation, assay of NO and effect of BPC
157

Considering the gastric mucosa origin of the novel
Žstomach pentadecapeptide BPC 157 Sikiric et al.,

1993a,b,c, 1994, 1996a,b, 1997a,b,c; Seiwerth et al., 1997;
.Grabarevic et al., 1997 , its possible influence on the

activity of NO synthase was investigated in homogenate
supernatants of gastric mucosa from the rat stomach, using
the same biochemical techniques described before by

Ž .Whittle et al. 1992 . Briefly, after overnight starvation and
Žno water withdrawal, under urethane 0.6 grkg i.p., 0.3

.grkg s.c. anaesthesia, the abdominal aorta was cannulated
and the stomach was washed free of blood with isotonic
saline 15 mlrmin for 5 min. After mucosal tissue was
stripped away from underlying muscle on ice, homogenisa-
tion for 15 s on ice was carried out using a homogeniser
Ž .UVIS-1601, Shimitzu, Japan in 3 volumes of a buffer

Ž . Ž . Žcontaining HEPES 10 mM , sucrose 0.32 M , EDTA 0.1
. Ž .mM , dithiothreitol 1 mM , soya bean trypsin inhibitor

Ž . Ž . Ž .10 mgrml , leuptin 10 mgrml and aprotinin 2 mgrml .
Centrifugation of the homogenates was carried out at

Ž .10,000=g for 5 min 58C and the supernatant was stored
on ice for up to 2 h.

For NO synthesis measurement, the oxidation of oxy-
haemoglobin to methaemoglobin by NO was monitored
spectrophotometrically. As in the procedure of Whittle et

Ž .al. 1992 , the difference between absorption at 401 and
421 nm was continuously monitored with a dual-wave-

Ž .length spectrophotometer Contron , using a band width of
Ž .5 nm, at 378C. The incubate 500 ml contained 1.6 mM

oxyhaemoglobin, 1 mM MgCl , 40 mM potassium phos-2
Ž .phate pH 7.2, 200 mM CaCl and up to 20% vrv of the2

enzyme extract. For the calculation of the rate of NO
formation, the absorption coefficient of methaemoglobin

Ž y1for the wavelength pair 401 minus 421 nm 77200 m in
.the spectrophotometer was used. For initiation of NO

Ž .synthesis, besides NADPH 100 mM , which has been
Ž .shown to be necessary Whittle et al., 1992 , L-arginine

Ž . Ž .100 mM D-arginine 100 mM was not effective or
Ž .pentadecapeptide BPC 157 100 mM addition was added.

Ž .In other experiments, L-NAME 100, 500, 1000 mM was
given together with L-arginine or BPV 157. Alternatively,

Ž . ŽL-arginine 100 mM and pentadecapeptide BPC 157 100
.mM were given together.

2.6. Statistical analysis

Kolmogorov–Smirnov test was performed for estima-
tion of the normality of the data distribution. Further
statistical analyses were performed by means of analysis of
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Ž .variance ANOVA andror Kruskall–Wallis test, Stu-
dent–Newman–Keuls, Dunn’s and Dunnett’s tests. Blood

Žpressure changes were estimated using AUC-method area
2 . Žunder curve, cm to avoid the type 1 error false-positive

.differences, due to the large number of measurements .
Differences of 0.05 or less were considered to be statisti-
cally significant.

3. Results

Methodologically, given the complex dual activity of
Ž .NO Moncada et al., 1991; Whittle et al., 1992 , investiga-

tion of the various changes induced by BPC 157 added
together with agents that affect the NO system in opposite
ways, a simple way to assess the efficacy of the test drug.
Such a protocol has not been previously applied in NO
studies.

3.1. Ethanol lesions

Ž .Applied as before Sikiric et al., 1993b, 1994, 1996a ,
this novel pentadecapeptide alone significantly prevented
the otherwise severe gastric lesions screen in ethanol-
treated control rats. In ethanol damaged rats pretreated
with L-NAME, the same extent of lesions as in control was
observed. But, if L-NAME was applied before BPC 157,

Žthe salutary effect of pentadecapeptide was attenuated Fig.
.1 . L-arginine alone strongly reduced ethanol lesions. When

it was given before the pentadecapeptide, the lesions re-
mained the same as in the rats treated with pentadecapep-

Ž .tide alone Fig. 1 . The combined administration of L-
Ž .NAME and L-arginine D-arginine was not effective led to

lesions similar to those seen in the controls. When BPC
157 was applied after L-NAMEqL-arginine combination,

Ž .the salutary effect of the higher mg dose was markedly
Ž .attenuated, whereas the effect of the lower ng dose was

Ž .completely inhibited Fig. 1 . The microscopical observa-
tions were in line with macroscopically observed differ-
ences.

3.2. Blood pressure assay

The pentadecapeptide alone did not affect blood pres-
Ž .sure. A prompt maximum already after 10 min and

sustained elevation of blood pressure, in line with other
studies, was produced by administration of L-NAME and
the increase lasted for the entire 90-min-test period.

3.2.1. L-NAMErBPC157
When administered as pretreatment, a rather consistent

beneficial activity was observed. After prophylactic admin-
istration of the novel pentadecapeptide before L-NAME the
blood pressure increase was markedly reduced, particularly
10–65 min after L-NAME administration in the group

Žtreated with the higher dose of BPC 157 means"SD,
mmHg, 140"16r119"26 versus 181"21r150"2.2

. Ž .control Fig. 2 .

Ž 2 . Ž .Fig. 1. Ethanol lesions lesion areas, assessed morphometrically, means"SEM, mm . 60 min after injury induction 96%, 1 ml i.g.rrat . An equal
Ž . Ž . Ž . Ž .volume of saline S was given simultaneously with the agents. L-NAME LN 5.0 mgrkg, L-arginine LA 200 mgrkg, given i.v. alone LNqS, LAqS
Ž . Žor in combination LNqLA , 5 min before ethanol. Pentadecapeptide BPC 157 10 mg or 10 ngrkg b.w. i.p. simultaneously with ethanol i.e. 5 min after

Ž . Ž . Žsaline SqBPC mg, SqBPC ng or NO agent s LNqBPC mg, LNqBPC ng, LAqBPC mg, LAqBPC ng, LNqLAqBPC mg, LNqLAqBPC
. .. Ž . Ž .ng administration . Controls received 5 mlrkg i.p. and 1 mlrkg i.v. of saline SqS . ns8–12 rats per each experimental group. ` P-0.05, at least

Ž . Ž .versus control SqS , ^ P-0.05, at least versus corresponding groups.
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Ž . Ž 2 . Ž . Ž . ŽFig. 2. Blood pressure. Prophylactic application x . Area under curve median, cm . BPC 157 10 mg or 10 ngrkg b.w. i.v. or saline control 1 mlrkg
. Ž . Ž . Ž . Ž .i.v. given 15 min before x application of L-NAME 5.0 mgrkg b.w. i.v. times0 . 90 min observation period. w P-0.05, at least, BPC 157

Ž .mgqL-NAME versus L-NAME, H P-0.05, at least, BPC 157 ngqL-NAME versus L-NAME. 8–12 rats per experimental group.

Concerning the salutary effect of this pentadecapeptide
as a posttreatment, when it was applied at the time of the
maximal increase in blood pressure, a significant decrease

Žin blood pressure was clearly seen 10–45 min following
the higher dose of BPCr134"45r124"33 mmHg ver-
sus control 181"21r163"6rmmHg, 5–20 min after the

lower dose of BPCr143"9r134"25 mmHg versus con-
. Ž .trol 176"23r178"25rmmHg Fig. 3 .

3.2.2. L-argininerL-NAME and L-argininerBPC157
ŽApplied 10 min after L-NAME, L-arginine but not

. Ž .D-arginine decreased blood pressure Fig. 3 . L-arginine

Ž . Ž 2 . Ž . ŽFig. 3. Blood pressure. Therapeutic medication ≠ . Area under curve median, cm . BPC 157 10 mg or 10 ngrkg b.w. i.v. or L-arginine 200 mgrkg
. Ž . Ž .b.w. i.v. were given ≠ 10 min after L-NAME 5.0 mgrkg b.w. i.v. times0 . Pentadecapeptide BPC 157 or L-arginine medication at the estimated

Ž . Ž .maximal blood pressure. Controls received simultaneously an equal volume of saline 1 mlrkg i.v. . 90 min observation period. w P-0.05, at least,
Ž . Ž .L-NAMEqBPC 157 mg versus L-NAME, H P-0.05, at least, L-NAMEqBPC 157 ng versus L-NAME, ; P-0.05, at least, L-NAMEqL-arginine

versus L-NAME. 8–12 rats per experimental group.
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Ž . Ž 2 . Ž . Ž . Ž .Fig. 4. Blood pressure. Prophylactic application x . Area under curve median, cm . BPC 157 10 mgrkg b.w. i.v. or saline control 1 mlrkg i.v.
Ž . Ž . Ž . Ž .was given x 15 minutes before administration of L-arginine 200 mgrkg b.w. i.v. times0 . 90 min observation period. w P-0.05, at least, BPC

157qL-arginine versus L-arginine. 8 rats per experimental group.

alone caused a moderate decrease in blood pressure. This
decrease was markedly prevented by prior BPC 157 appli-

Ž .cation Fig. 4 .

3.2.3. L-NAMEqL-argininerBPC157
The combined administration of L-NAME and L-arginine

Ž .D-arginine was not effective did not cause a blood pres-
Ž .sure increase Fig. 5 . However, when BPC 157 was given

Žafter L-NAMEqL-arginine-combination i.e., at the same

time as before in the case when L-NAME was given
.alone , its previously clear effect disappeared.

3.3. Assay of NO in gastric mucosa from stomach rat
tissue homogenates and the influence of the pentadecapep-
tide BPC 157

Ž .L-arginine but not D-arginine induced the generation
of NO by gastric mucosa from stomach rat tissue ho-

ŽFig. 5. Blood pressure. The effect of the pentadecapeptide BPC 157 after combined administration of L-NAME and L-arginine. Area under curve median,
2 . Ž . Ž . Ž . Ž .cm . BPC 157 10 mg or 10 ngrkg b.w. i.v. or saline control 1 mlrkg i.v. was given ≠ 10 min after administration of L-NAME 5.0

Ž . Ž .mgqL-arginine 200 mgrkg b.w. i.v. times0 . L-NAME 5 mgrkg b.w. i.v. application at the time 0. 90 min observation period. a P-0.05, at least,
L-NAME versus other groups. BPC157-groups versus L-NAMEqL-arginine, P)0.05. 8–12 rats per experimental group.
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Ž . Ž . Ž . Ž . Ž .Fig. 6. Formation of nitric oxide NO following addition of L-arginine 100 mM LA100 and pentadecapeptide BPC 157 100 mM BPC100 to
Ž y1 .homogenate supernatants of rat gastric mucosa. NO production nmol min per g tissue , was assessed spectrophotometrically over a 10 min period as

Ž .the oxidation of oxyhaemoglobin to methaemoglobin. Inhibition of NO formation was attempted by incubation with L-NAME 100, 500, 1000 mM
Ž . Ž .LA100qLN100, BPC100qLN100, BPC100qLN500, BPC100qLN1000 . NO-synthesis was blunted when the pentadecapeptide BPC 157 100 mM

Ž . Ž . Ž . Ž .and L-arginine 100 mM BPC100qL-arginine 100 were combined. Means"SEM of 8 experiments. a P-0.05, at least, versus L-arginine, `
P-0.05, at least, versus BPC 157 or L-arginine.

Ž .mogenates Fig. 6 . This effect was clearly inhibited by the
addition of L-NAME. Interestingly, pentadecapeptide BPC
157, given in the same dose as L-arginine, induced a
comparable generation of NO. But, unlike L-arginine, its
effect could not be inhibited by L-NAME, although even
fivefold or tenfold higher doses were also used. NO syn-
thesis was blunted when the pentadecapeptide BPC 157
and L-arginine were combined.

The values obtained for the NO-generating agents corre-
Žlated fairly well with previously reported values Whittle

.et al., 1992 .

4. Discussion

Theoretically, the use of agents that positively or nega-
tively affect the NO system, given separately or in combi-
nation, would be advantageous for a through determination
of the possible relation of NO with other agents and
systems. Although to date this approach has not been used

Žextensively for review, see, e.g., Moncada et al., 1991;
.Whittle et al., 1992 , it seemed to us that this approach

could be particularly helpful against the background of the
suggested dual role of NO.

The known positive effects of pentadecapeptide BPC
157 on ethanol-induced gastric lesions and blood pressure

Ž .maintenance Sikiric et al., 1993b, 1994, 1996a were
challenged with a combination of L-NAME, a competitive
inhibitor of endothelium NO generation and the NO pre-

Žcursor, L-arginine for review, see, e.g., Moncada et al.,
.1991; Whittle et al., 1992 given separately andror to-

gether. As these agents affect NO synthase in both ways
Ž .positively or negatively , a possible role of this pentade-
capeptide could be either excluded or, at least partly,
proven. It was shown that pentadecapeptide could reverse
the changes induced by either L-NAME or L-arginine,
given separately, toward the control basal values. After
L-NAME and L-arginine, when applied together, its effect
was blunted. In homogenate supernatants of gastric mu-

Žcosa from the rat stomach, like L-arginine Whittle et al.,
.1992 , this pentadecapeptide induce NO formation, but its

effect was not blunted by L-NAME addition. NO synthesis
was blunted when the pentadecapeptide BPC 157 and
L-arginine were combined.

In general similar findings were obtained in these two
distinctive in vivo models, when the same doses of the
tested agents, pentadecapeptide BPC 157 and NO agents,
were used. Consequently, it seems likely that the effects
elicited by the combination of pentadecapeptide BPC 157

Ž . Ž .and agents negatively L-NAME or positively L-arginine
affect NO synthesis are not random, indicating a speci-
ficity of action, particularly in the light of the generation of
NO in stomach mucosa induced by pentadecapeptide BPC
157 in rat tissue homogenates.

As an intriguing point, pentadecapeptide’s original ben-
eficial effect could not be restored after L-NAMEqL-
arginine combination. Moreover, after addition of L-
arginine to L-NAME, its effect was further attenuated
Ž . Žgastric lesions and almost completely disappeared blood

.pressure . Thus, concerning the NO system, it seems that
Ž .combining a stimulatory L-arginine and an inhibitory

Ž .L-NAME agent can blunt the activity of this pentade-
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capeptide. But, more attention should be probably focused
to the L-arginine effect, an aspect which to date seems to
be particularly neglected in investigations of NO-related

Ždrugs effects for review, see Moncada et al., 1991; Whit-
.tle et al., 1992 .

Since it has been shown, in both in vivo and in vitro
experiments, that the pentadecapeptide BPC 157 can over-

Žride the effect of L-NAME an essential point indicated for
ŽL-arginine for review, see Moncada et al., 1991; Whittle
..et al., 1992 , a particular interaction with the NO system

seems to be possible. Assuming that drugs such as L-NAME
Žinhibit NO synthase by competition with L-arginine for
.review, see Moncada et al., 1991; Whittle et al., 1992 , a

similar competition with the pentadecapeptide could be
speculated. The findings of our in vitro experiments seem
to be consistent with this notion. NO generation was
attenuated when L-arginine and pentadecapeptide BPC 157
were combined, although when given separately, both of
them initiated NO-synthesis. Therefore, this competition
between pentadecapeptide L-arginine appears to be possi-
ble in vivo as well, particularly if NO synthase availability
is limited for example, when it has already been inhibited
markedly by L-NAME. This could be explained by the
additional inhibition of the activity of the pentadecapeptide
when L-arginine was added to L-NAME, as consistently
seen in both gastric lesions and blood pressure assays.

Seen from the viewpoint of the pentadecapeptide
BPC157rL-argininerNO system, the finding of not more
than a limited competition, especially with L-arginine-ana-

Ž .logues such as L-NAME , could be only indicated in the
Žopposite case a situation, mostly noted to date in NO

studies and regularly interpreted as a close relationship
Žwith NO system for review, see Moncada et al., 1991;
..Whittle et al., 1992 . In this, contrary to common under-

Ž .standing, the observation that the effect of agent s can be
blunted by L-arginine analogues and restored by the addi-

Žtion of L-arginine to L-arginine analogues such as L-
. ŽNAME for review, see Moncada et al., 1991; Whittle et
.al., 1992 should not necessarily be taken in favour of an

essential competition with L-arginine itself. Namely, for
there to be competition between the reference agents and

Ž .the L-arginine analogue i.e., agentqL-arginine analogue
it is essential to see an inhibition of these agents’ effect
Žfor review, see Moncada et al., 1991; Whittle et al.,

. Ž1992 . In this combination i.e., standard agentq L-
.arginineqL-arginine analogue , L-arginine evidently could

Žeasily operate for review, see Moncada et al., 1991;
.Whittle et al., 1992 . Obviously, a rather unopposed action

Žof L-arginine itself, along with a lack of direct studies e.g.,
Ž . .agent s qL-arginine , could be hardly evidence for a close

interaction between the agents studied to date and L-
arginine, a NO precursor. Thus, this discrepancy could
suggest that a possible interaction with the NO system, as
has been pointed out, is apparently limited. In contrast and
in line with the suggestion about the likely competition
between this pentadecapeptide and L-arginine, the evidence

for a BPC157rL-argininerNO system interaction appears
to be more complete, obtained in both in vitro and in vivo
studies. In our in vitro studies, NO generation was attenu-
ated when these agents were combined and excess of NO
generation prevented. Interestingly, in the blood pressure
assay, BPC 157 application markedly prevented the L-
arginine-induced blood pressure decrease. Since in vitro
experiments, BPC 157-induced NO formation was not
inhibited by the addition of L-NAME, although L-NAME
was given also in a dose which was fivefold or tenfold
higher than that needed for inhibition of the effect of
L-arginine, it is likely that BPC 157 has a more marked
andror different effect on NO than L-arginine. This suppo-
sition seems to be supported by the comparable anitulcero-
genic effect of these agents, L-arginine and BPC 157. But,
when challenged with the same dose of L-NAME, the
L-arginine effect was completely abolished in ethanol-in-
jured rats, whereas the BPC 157 effect was only attenu-
ated.

Theoretically, the possibility that BPC, which is formed
Ž .constitutively in the gastric mucosa body and which is

Žpresent in gastric juice Sikiric et al., 1993a,b,c, 1994,
1996a,b, 1997a,b; Seiwerth et al., 1997; Grabarevic et al.,

.1997; Veljaca et al., 1995a , competes effectively with
Ž .both L-arginine analogues such as L-NAME and L-

arginine could have some physiologic importance. Given
the suggested significance of NO synthase and the basal
formation of NO in stomach mucosa, which is greater than

Ž . Žthat seen in other tissues i.e., lung, liver Whittle et al.,
.1992 , it is not entirely unexpected that a novel stomach

pentadecapeptide with marked stability in gastric juice
Ž .Sikiric et al., 1993b; Veljaca et al., 1995a,b and no

Ž .similarity with known peptides Sikiric et al., 1993b could
exert such effects. Because calcium-and NADPH-depen-
dent NO synthase is present in gastric tissue in the mi-
crovascular endothelium and probably in other gastric

Ž .mucosal cells Whittle et al., 1992 , the precise site of
pentadecapeptide interaction remains to be further deter-
mined. Likewise, based on the close similarity of the
determination of NO synthase in gastric and other tissues
Ž . Ž .i.e., vascular, lung and liver tissue Whittle et al., 1992 ,
this pentadecapeptide would probably have a similar activ-
ity in other organs as well. This could provide a basis for

Žmultiple effects Sikiric et al., 1993a,b,c, 1994, 1996a,b,
.1997a,b; Seiwerth et al., 1997; Grabarevic et al., 1997 in

addition to the suggested protective role of this pentade-
capeptide in the stomach and other organs. In view of the

Ždual effects of the drugs affecting NO synthase Lopez-Be-
.lmonte et al., 1993 and the essential signalling role of NO

in gastric mucosal integrity and blood pressure mainte-
Žnance for review see Moncada et al., 1991; Whittle et al.,

.1992 , a possible modulatory role of this pentadecapeptide
could be advantageous.

Whether this novel pentadecapeptide has such a modu-
latory role andror whether it interacts with the NO system
at all, remains to be seen. The effect of L-NAME appears
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Žto be mostly limited to the endothelium i.e., Moncada et
.al., 1991 . The amount of NO precursors L-arginine in the

endothelium could be limited in some pathologic circum-
Ž .stances Moncada et al., 1991 and L-arginine has no direct

Ž .vasodilator activity Rees et al., 1990 . In gastric ethanol
injury, the endothelium is the first preferential target for

Ž .ethanol damage Szabo et al., 1985 . Along with an in-
crease in systemic blood pressure, vasoconstriction of sev-
eral vascular beds, i.e., mesenteric and renal beds, pro-
duced by systemic administration of L-arginine analogues,

Ž .given to inhibit generation of NO Moncada et al., 1991 ,
would be certainly harmful, specially for the gastric mu-
cosa and its endothelium. These tissues need a permanent

Žoxygen and blood supply Menguy et al., 1974; Szabo et
.al., 1985; Holzer, 1992 . Thus, when there is blunted NO

release, together with an increase in blood pressure due to
systemic vasoconstriction, a strong systemic salutary ac-
tion is obviously needed to prevent the local consequences
of intragastrical application of ethanol. Endothelium pro-
tection, which is recognized as being essential to prevent
in careful studies of ethanol-induced gastric damage, has
been implicated also as an essential factor in wider

Ž .organoprotection activity Szabo et al., 1985 . As men-
tioned, the vascular endothelium is capable of modulating
vascular tone, in part by the generation of a substance such

Ž .as the endothelium-derived relaxing factor EDRF , which
Ž .has been identified as NO Moncada et al., 1991 . The

pentadecapeptide BPC 157, has been shown to protect the
endothelium, using the well-known Szabo’s protocol of
ethanol-induced gastric damage assessed with Monastral

Ž .blue Szabo et al., 1985; Sikiric et al., 1993b, 1994 , and
very recently its special cytoprotective role was further

Ž .accentuated Sikiric et al., 1997b . Likewise, BPC 157 is
claimed to have beneficial effects even outside the gastro-

Žintestinal tract Sikiric et al., 1993a,b,c, 1996a,b; Seiwerth
et al., 1997; Grabarevic et al., 1997; Pare and Klucyznski,´
1994; Veljaca et al., 1994a,b, 1995a,b; Bosnjak et al.,

.1994 , including heart protection, following hypoxic and
Žreoxygenation injury in the isolated guinea pig heart Sikiric

.et al., 1993b; Bosnjak et al., 1994 . Like many other gut
Žpeptides, BPC 157 is present in different organs Sikiric et

.al., 1993b and its possible special role in the interaction
with the endothelium derived NO system should be further
investigated.

Intriguingly, unlike L-arginine and its analogues
Ž .Moncada et al., 1991 BPC 157 alone, applied even in the

Ž .higher dosages i.e., mgrkg could not influence basal
Ž .blood pressure values Sikiric et al., 1993b . However, it

was shown that the following application of this pentade-
capeptide, an otherwise fatal fall in blood pressure in rats
with severe hemorrhagic shock, could be reversed toward

Žnormal values and survival markedly increased Sikiric et
.al., 1993b . It is also likely that BPC 157 can inhibit the

effect of a calcium ionophore A23187, which is known to
Ž .stimulate NO release Moncada et al., 1991 . For instance,

the pentadecapeptide could dose-dependently reduce the

release of leukotriene B in human blood stimulated by4
Ž .A23187 Veljaca et al., 1994a,b, 1995b . Besides this,

BPC 157 could also inhibit other inflammatory mediators,
Ži.e., myeloperoxidase, tromboxane B Veljaca et al.,2

.1994a,b, 1995b . This action should probably also be
considered because NO can also be produced by the
inducible NO synthase of activated macrophages and neu-

Ž .trophils Moncada et al., 1991 . NO is destroyed by super-
oxide anions and inactivation of superoxide anions protects

Ž .and prolongs the action of NO e.g., Whittle et al., 1992 .
The pentadecapeptide BPC 157 has been shown to have
scavenging properties and to provide protection against

Ž .free radical-induced lesions Sikiric et al., 1993b, 1994 .
Finally, NO synthase activity appears to be partially in-

Ž .volved in the gastric cytoprotection Ko and Cho, 1994
and blockade of both capsaicin-sensitive afferent neurones
and NO synthesis is needed to produce gastrointestinal

Ž .damage Holzer, 1992 . Besides this, capsaicin-sensitive
afferent neurons control the activity of sympathetic vaso-

Ž .constrictor nerves Holzer, 1992 . As mentioned, com-
pelling evidence was recently provided for a complex
synergistic interaction between the beneficial effects of
BPC 157 and peptidergic sensory afferent neurone activity

Žin various experimental paradigms e.g., nociception, gas-
. Žtrointestinal lesions, damaged nasal mucosa Sikiric et al.,

.1993a,b, 1996a; Kalogjera et al., 1997 . The regulation of
the release of the endothelium-derived mediators by neu-
ropeptides originating from afferent sensory neurones in

Žthe vicinity of the microvessels is also suggested Whittle
.et al., 1992 .

In summary, based on the generally accepted impor-
tance of NO as an essential signalling agent in the gastro-

Žintestinal and cardiovascular systems for review, see
.Moncada et al., 1991; Whittle et al., 1992 and its possible

dual role, we studied the influence of a novel pentade-
capeptide, BPC 157, under conditions of a blunted genera-
tion of NO and NO substrate application. It was clearly
shown that BPC 157 could interfere with the effect of NO
agents in both gastric mucosal integrity and blood pressure
maintenance in a specific way. In studies using ho-
mogenate supernatants of rat gastric mucosa, the pentade-
capeptide BPC 157 had an effect on NO generation that
was more pronounced andror different from the effect of
L-arginine. Very recently, similar findings have been re-

Ž .ported for chickens Grabarevic et al., 1997 . Pulmonary
Žhypertension syndrome or ascites in broilers described as

an accumulation of the oedematous fluid within the ab-
dominal cavity as a consequence of heart failure syndrome
Ž ..Scheele et al., 1991 was induced by chronic application
of L-NAME, whereas L-arginine had a detrimental effect
specially on the myocardium. Interestingly, the pentade-
capeptide BPC 157 could markedly prevent the appearance

Ž .of lesions in various organs Grabarevic et al., 1997 .
Together, considering that the birds, unlike mammals,
cannot de novo synthesise L-arginine and their plasma
concentration of this amino acid is directly correlated with
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Ž .its dietary intake Tamil and Ratner, 1963 , it seems that
these beneficial effects of BPC 157 are a common phe-
nomenon. It remains, however, to fully established whether
this interference is due to a parallel andror interconnected
action. Similarly, whether this pentadecapeptide can inter-
fere in the same way with the effects of a NO donor would
be an interesting topic for further studies. Besides, both the

Ž . Žprotective effect low dose and ulcerogenic effect high
.dose of the agents which liberate NO are suggested to be

specifically NO-mediated, although attempts to prove oth-
Ž .erwise have not been made Lopez-Belmonte et al., 1993 .

Likewise, the extension of this study to the effect of other
agents in response to challenge with L-arginine and L-
arginine analogues appears an additional interesting goal.
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