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Pentadecapeptide BPC 157 positively affects both non-steroidal 
anti-inflammatory agent-induced gastrointestinal lesions 

and adjuvant arthritis in rats 

P Sikiric, S Seiwerth, Z Grabarevic, R Rucman, M Petek, V Jagic, B Turkovic, I Rotkvic, 
S Mise, I Zoricic, P Konjevoda, D Perovic, V Simicevic, J Separovic, M Hanzevacki, 

D Ljubanovic, B Artukovic, M Bratulic, M Tisljar, B Rekic, M Gjurasin, P Miklic, G Buljat 

Summary - Besides a superior protection of the pentadecapeptide BPC 157 (an essential fragment of an organoprotective gastric 
juice peptide BPC) against different gastrointestinal and liver lesions. an acute anti-inflammatory and analgetic activity was also noted. 
Consequently. its effect on chronic inflammation lesions, such as adjuvant arthritis. and non-steroidal anti-inflammatory agents 
(NSAIAs)-induced gastrointestinal lesions was simultaneously studied in rats. In gastrointestinal lesions (indomethacin (30 mg/kg 
SC). aspirin (400 mg/kg ig) and diclofenac (125 mg/kg ip) studies, BPC 157 (10 pg or 10 ng/kg ip) was regularly given simultaneously 
and/or 1 h prior to drug application (indomethacin). In the adjuvant arthritis (tail-application of 0.2 mL of Freund’s adjuvant) studies 
(14 days, 30 days, 1 year) BPC 157 (10 pg or 10 ng/kg ip). it was given as a single application (at 1 h either before or following the 
application of Freund’s adjuvant) or in a once daily regimen (O-14th day, 1430th day, 14th day-l year). Given with the investigated 
NSAIAs, BPC 157 consistently reduced the otherwise prominent lesions in the stomach of the control rats, as well as the lesions in 
the small intestine in the indomethacin groups. In the adjuvant arthritis studies, the lesion’s development seems to be considerably 
reduced after single pentadecapeptide medication. and even more attenuated in rats daily treated with BPC 157. As a therapy of already 
established adjuvant arthritis, its salutary effect consistently appeared already after 2 weeks of medication and it could be clearly seen 
also after 1 year of application. Taking together all these results, the data likely point to a special anti-inflammatory and mucosal 
integrity protective effect. 
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Introduction 

Because of the likely physiologic significance of gut 
peptides and as yet not completely explored possible 
therapeutic applications, the discovery of so far un- 
known peptides, their original structure and saving 
actions, have received considerable attention (Thorn- 
pson et al, 1987; Guglietta, 1992). We recently 
identified a gastric juice protein with mucosal pro- 
tective properties as well as huge range of organo- 
protective effects, M, 40 000 (determined by gel 
chromatography), code-named BPC (Sikiric et al, 
1993a, b, c, 1994, 1995, 1996a, b). In line with this, 
a 15 amino acid fragment (BPC 157), with appar- 
ently no sequence homology with known gut pep- 
tides, thought to be essential for activity of the 
entire peptide, was synthesized and characterized 
(Sikiric et LIZ, 1993a, b, c, d, 1994, 1995, 1996a, b). 
This protective property was independently investi- 
gated and confirmed by others (Pare and Klu- 
cyznski, 1994; Bosnjak et al, 1994; Veljaca et al, 
1994a, b, 1995a, b; Sandor et al, 1996). In toxico- 
logy studies, no death or pathologic changes were 
observed despite the administration of a very high 
dose (Sikiric et al, 1993~). When incubated in 
human gastric juice or in water, this pentadecapep- 

tide was not subjected to any degradation during 
24 h, unlike h-EGF and h-TGFa, stable in water, 
but degraded in human gastric juice already after 
15 min (Veljaca et al, 1995a). 

Therefore, the recent focus was on the mentioned 
pentadecapeptide, BPC 157, and its effect on ga- 
strointestinal lesions was successfully evaluated in 
different experimental models (Park and Klu- 
cyznski, 1992; Sikiric et al, 1993a, b, c, d, 1994, 
1995, 1996; Bosnjak et al, 1994; Veljaca et al, 
1994a, b, 1995a, b; Sandor et al, 1996) in compari- 
son with conventional agents and other gut peptides. 
The noted positive effects of BPC 157 and other 
gut peptides (secretin, glucagon and NPY) were in 
keeping with the suggested peptide’s physiologic 
significance and BPC’s importance (Park and Klu- 
cyznski, 1992; Sikiric et al, 1993a, b, c, d, 1994, 
1995, 1996a, b; Bosnjak et al, 1994; Veljaca et al, 
1994a, b, 1995a, b; Sandor et al, 1996). Of note, 
besides a superior BPC 157 protection against dif- 
ferent gastrointestinal and liver lesions, an acute 
anti-inflammatory and analgetic activity was also 
noted (Part and Klucyznski, 1992; Sikiric et al, 
1993a, b, c, d, 1994, 1995, 1996a, b; Bosnjak et al, 
1994; Veljaca et al, 1994a, b, 1995a, b; Sandor et al, 
1996). Consequently, the possibility that a similar 
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beneficial effect could be seen also in chronic in- 
flammation lesions, such as adjuvant arthritis in 
rats, is discussed here. Because of the significance 
of gastrointestinal disturbances provoked by anti- 
rheumatic medication (Shen, 1977, 1984: Caruso 
and Bianci Porro, 1980; Doherty ef al, 1987; Festen, 
1988; Sikiric et al, 1988; Rainsford, 1992) the effect 
on non-steroidal anti-inflammatory agents 
(NSAIAs)-induced gastrointestinal lesion was simul- 
taneously studied as well. 

Materials and methods 

Prepurution of BPC 157 

Pentadecapeptide BPC 157 (Gly-Glu-Pro-Pro-Pro-Gly-Lys- 
Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val, h4, 1419) is a partial 
sequence of human gastric juice protein BPC, freely soluble 
in water at pH 7.0 and in saline, prepared as described before 
(Sikiric rt al, 1993a, b, c, 1994, 1995, 1996a. b). Peptide 
with 99% (HPLC) purity (I-des-Gly peptide as impurity), 
dissolved in saline, was used in all experiments (Sikiric et 
al, 1993a, b, c, d, 1994, 1995, 1996a, b). 

Experimental procedures 

Animals 
Wistar male (NSAIA-studies) or female (adjuvant arthritis- 
studies) albino rats randomly assigned, IO-16 rats per 
group, weighing 200-220 g, were used in all experiments. 
For ulcerogenic procedures, food and water were withdrawn 
24 or 2 h before ulcerogenic procedure. 

Uker models 
Aspirin lesions. Aspirin (Aspirin, Pliva, Zagreb, Croatia) sus- 
pended in 1% carboxmethyl cellulose in water (20 mg/mL). 
was applied in a dose of the 400.0 mg/kg ig. BPC 157 (IO.0 pg 
or 10.0 ng/kg ip) or an equivolume of saline (5 ml_ /kg bw ip) 
was simultaneously administered with aspirin. 

Diclofermc lesions. Diclofenac (Voltaren, Pliva, Zagreb, 
Croatia) dissolved in saline was applied in a dose of the 
125 mg/kg bw ip. BPC 157 ( 10.0 pg or 10.0 ng/kg ip) or an 
equivolume of saline (5 mL /kg bw ip) was simultaneously 
applied with diclofenac. 

Indomethacin lesions. lndomethacin (Indocid, Lek, Slove- 
nia) suspended in 1% carboxmethyl cellulose solution, was 
given in a dose of 30 mg/kg bw SC. Relative to indometha- 
tin, saline (controls) or BPC 157 (IO pg or IO nglkg bw ip) 
was applied as pre- (I h before) or co- (simultaneously) 
treatment. 

Assessment oj’mucosal injuyv. Immediately after killing, the 
stomach and small intestine (in the case of indomethacin 
medication) were removed and the lesions (means ? 
SEM, mm) were assessed by independent observers as de- 
scribed before (Sikiric et al, 1988, 1993c, 1994, 1995, 
1996a, b). Representative sections of the stomach and intes- 
tine were processed for further histologic analysis. The ani- 

mals were killed 2 h or 4 h after aspirin; following indo- 
methacin or diclofenac, they were killed 24 h later. 

Adjwant arthritis 
All the rats received a tail-application of 0.2 mL of Freund’x 
adjuvant (Freund’s complete adjuvant, Sigma, USA). BPC 
(IO pg or IO ng /kg bw ip) was applied using different proto- 
cols: i) I h before Freund’s adjuvant application: ii) 1 h after 
Freund’s adjuvant application; iii) I h after Freund’s adju- 
vant application and subsequently once daily for 2 weeks; 
and iv) once daily for 2 weeks or I year starting from the 
14th day after Freund’s adjuvant application. Control ani- 
mals simultaneously received an equivolume of 0.9% NaCl 
(5.0 mL/kg bw). The animals were killed either after 2 or 4 
weeks following Freund’s adjuvant application or I year 
starting from the 14th day after Freund’s adjuvant applica- 
tion. 

Assessment of‘adjuvant arthritis. Assessment of paw inflam- 
mation was done by a independent observer. A macroscopi- 
cal score of 0 to 3 was used in the following manner. In all 
paws an assessment including paw thickness and presence 
of macroscopic arthritic changes (nodes and stiffness) was 
carried out (once daily till the end of the first month, and 
once weekly during the rest of the experiment). Healthy 
animals were used as a control and were given a basal value 
of 0 (no change); I, mild: 2, moderate; 3, severe changes. 
Metatarsal and tarsal joint were fixed in formaline and after 
decalcination embedded in paraffin and stained according 
to the H&E method. Pathohistologically. several charac- 
teristics were scored (synovitis, arthritis and peri-arthritis, 
mononuclear cells infiltrations and periostitis with forma- 
tion of the periosteal new bone) as follows: 0. no change; 1. 
mild; 2, moderate: 3. severe. Mean sum of the scores was 
statistically evaluated, using a modification of a previously 
described system (Glenn and Grey, 1965). 

Statistical analysis 
Kolmogorov-Smirnov test was performed for estimation of 
the normality of the data distribution. Further statistical ana- 
lyses were performed by means of analysis of variance 
(ANOVA) and/or Kruskall-Wallis, Mann-Whitney tests, 
Student-Newman-Keuls. Dunn’s and Dunnett’s tests. Dif- 
ferences of 0.05 or less were considered to be statistically 
significant. 

Results 

The effects of pentadecapeptide on NSAtAs induced 
mucosal lesions 

Indomethacin lesiorls 
Indomethacin given in a relatively high dose consist- 
ently produced strong lesions in the stomach and small 
intestine in all of the controls (figs 1, 2). Pentadeca- 
peptide BPC 157 applied simultaneously with indo- 
methacin strongly reduced otherwise severe lesions in 
both the stomach and small intestine, an effect clearly 
seen in either pg or ng/kg range (figs 1, 2). Like- 
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wise, a similar positive effect was obtained when 157 given simultaneously with diclofenac signifi- 
BPC 157 was given 1 h before indomethacin ad- cantly reduced the lesion’s development. This effect 
ministration. appears to be dose-dependent (fig 1). 

Aspirin lesions Microscopy investigations 
Significant gastric lesions were noted in the control 
rats following 2 or 4 h after aspirin administration. 
BPC 157 applied simultaneously with aspirin mar- 
kedly reduced the lesions appearance. Of note, a 
positive effect was noted after both doses, 10 pg 
or 10 ng/kg bw, in both tested intervals (fig 1). 

Generally, microscopical data were in full agree- 
ment with macroscopic observations. In the groups 
treated with indomethacin, aspirin or diclofenac, the 
depth of the lesions varied from mild superficial 
epithelial damage to the extensive necrosis to all 
parts of the mucosa. The edges of the stomach le- 
sions were sharp, and the bases of the lesions were 
infiltrated with granulocytes. The base of the lesions 
was saturated with blood while granulocytes per- 
meated the rest of the intestinal wall up to the 

Diclofenac lesions 
The application of diclofenac produced also signi- 
ficant stomach lesions in the control animals. BPC 
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Fig 1. The effect of BPC 157 administration on the development of gastric lesions induced by application of aspirin (400 mg/kg 
ip), diclofenac (100 mg/kg ip) and indomethacin (30 mg/kg SC). BPC 157 (10 pg or 10 ng/kg ip) or saline (5 mLJkg) (control) 
were applied simultaneously (or also 1 h before indomethacin) with noxious agent application. Rats were killed after either 2 
or 4 h (aspirin) or 24 h (diclofenac and indomethacin). *P < 0.05, at least, vs corresponding control. n = 6-10 rats per 
experimental group. 
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Fig 2. The effect of BPC 157 administration on the development of small intestine lesions induced by application of indo- 
methacin (30 mg/kg SC). BPC 157 (10 pg or 10 ng/kg ip) or saline (5 mL/kg) (control) were applied simultaneously (or I h 
before) with noxious agent application. Rats were killed 24 h after indomethacin application. *P < 0.05, at least, vs corre- 
sponding control. II = 6-10 rats per experimental group. 

serosa. Of note, these changes were much less pro- 
nounced in BPC 157 treated animals than in corre- 
sponding controls. 

The effects of BPC 157 on adjuvant arthritis lesions 
In the adjuvant arthritis studies, it seems that a fa- 
vorable effect could be observed throughout the en- 
tire experiment. 

Development of adjuvant arthritis 
Concerning the first phase, the development of ad- 
juvant arthritis after Freund’s adjuvant application 
was clearly shown in controls, during the initial 2 
weeks, macroscopically by a prominent paw swell- 
ing, nodes and stiffness, as well microscopically by 
the inflammatory periosteal reactions with accumu- 
lations of mononuclear cell infiltrate. It seems in- 
teresting that BPC 157 seems to be already effective 

when applied prophylactically as only one single ap- 
plication. This effect could be seen when BPC 157 
had been given at 1 h either before or following 
Freund’s adjuvant application. This initially noted 
activity could be likely increased. Supportingly, if 
BPC 157 was continuously applied as a once daily 
medication during this phase, the lower dose of the 
10 ng/kg also became significantly effective when 
assessed both macro- and microscopically, unlike 
single application regimen (effect evident only in 
macroscopical assessment) (fig 3). 

Interestingly, besides the effect on adjuvant arth- 
ritic lesion development, an additional effect seems 
to be evident on general animal conditions as well. 
Namely, an obvious decrease of body weight from 
the initiation of the experiment was noted (data not 
shown). Animals treated with ng-regimens kept the 
approximately the same weight as before, whereas 
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Fig 3. The effect of BPC I57 administration on adjuvant arthritis after Freund’s adjuvant application, assessed macroscopically 
(a, top) and microscopically (b. bottom): on adjuvant arthritis development during the initial 2 weeks (left, prophylaxis, a, b, 
c) and thereafter (right, therapy, A, B), on already established adjuvant arthritis following 2 weeks or 1 year of medication. 
BPC 157 (10 pg or IO ng/kg ip) or saline (5 mL/kg) were given at I h either before (a) or after (b) Freund’s adjuvant application 
or it was continuously applied prophylactically as a once daily medication during adjuvant arthritis development phase (c), 
and later, therapeutically, starting in the conditions of the already established adjuvant arthritis, as a 2-week (A)- or one-year 
(B) treatment. *P i 0.05, at least. vs corresponding control, 
experimental group. 

+P < 0.05, at least vs corresponding group. n = 6-10 rats per 
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a normal increase in the body weight, similar to the 
weight gain of the corresponding healthy animals, 
could be seen in the pg groups. 

Established adjuvant arthritis 
Likewise, such a favorable activity seems to be even 
more prominent when BPC 157 was applied later, 
in the conditions of the already established adjuvant 
arthritis. In these animals, besides a prominent paw 
thickness, and arthritic nodes and stiffness, micro- 
scopical investigations showed chronic changes of 
the tibia, tarsal and metatarsals with chronic syno- 
vitis and periostitis characterized by pannus forma- 
tion and formations of periosteal new bone. Unlike 
continuous presence of adjuvant arthritis in controls, 
the beneficial effect following BPC 157 medication 
could be seen either after a short, or a long lasting 
period. 

Short-time treatment. The salutary effect seems to 
prominently occur within a few days as could be as- 
sumed on the basis of our macroscopical observations. 
Supportingly, microscopically, it is already fully pres- 
ent in the animals killed following 2 weeks of medi- 
cation, since a clear (and dose dependent) favorable 
activity was noted in all rats treated with either pg 
or ng BPC 157 regimen (fig 3). 

Long-lasting treatment. Obviously, the pentadeca- 
peptide BPC 157 activity seems to be long-lasting, 
clearly seen following an entire year of medication 
(fig 3). In animals continuously treated with BPC 
157 since the establishment of adjuvant arthritis fol- 
lowing 2 weeks after Freund’s adjuvant application, 
a prominent salutary (and dose-dependent) effect 
was obtained in groups receiving either pg or ng 
BPC 157 regimen (fig 3). 

Discussion 

These data provide compelling evidence that the le- 
sions induced by either different NSAIA application 
in the gastrointestinal tract or adjuvant arthritis in 
rats could be positively influenced by the admini- 
stration of the pentadecapeptide BPC 157. It is of 
interest that this agent protects against both these 
quite different forms of injury. However, the 
possible mechanisms remain to be further eluci- 
dated. 

In generally, two distinct mechanisms, inflamma- 
tion and delayed hypersensitivity, are accepted to be 
involved in mediation of adjuvant arthritis (Pearson, 
1956, 1959; Newbould, 1963; Glenn and Grey, 
1965; Brown et al, 1971; Pet-per et al, 1971; Shen, 

1977, 1984). Theoretically, BPC 157 could effect 
one of them, or both. 

Regarding the suggested anti-inflammatory ef- 
fect, BPC 157 was effective in the models of 
acute/subacute inflammation and inflammatory/non- 
inflammatory pain (eg turpentine, carrageenin, 
acetic acid or MgS04 writhing (prostaglandin-de- 
pendent, prostaglandin-non dependent) tail-pinching 
tests) (Winter et al, 1962; Damas and Deflandre, 
1984; Gyires and Torma, 1984; Willoughby et al, 
1986; Sikiric et ul, 1993a, b). The used protocols 
(Gyires and Torma, 1984; Sikiric et al, 1993b, c) 
were similar to those applied in the present report. 
Relative to reference standards (ie aspirin, indo- 
methacin). BPC 157 was effective in considerable 
lower doses (pg/ng/kg vs mg/kg) (Gyires and 
Torma, 1984; Sikiric et al, 1993b, c). Along with 
this was also the noted antipyretic BPC activity 
(Gyires and Torma, 1984; Sikiric et al, 1993b, c). 
Thus, it seems likely that BPC 157 has a marked 
anti-inflammatory capacity. 

Concerning the possible BPC 157 effect on de- 
layed hypersensitivity, a positive influence was also 
evidenced. Recently, we developed a new murine 
model of inflammatory bowel disease (Brkic et ul, 
1992a, b; Banic et al, 1993; Sikiric et al, 1993~). 
Besides an irritative effect, the challenge dose of 
2,4-dinitrofluorobenzene applied into the lumen of 
the colon resulted in specific T-cell mediated injury 
of the colonic and ileal mucosa (Brkic et al, 1992a, 
b; Banic et al, 1993; Sikiric et al, 1993~). Like 
methylprednisolone, a widely used therapeutic drug 
(Brkic et al, 1992a, 1992b, c; Banic et al. 1993; 
Sikiric rt al, 1993c), BPC 157, applied in the dosage 
used in the present study, strongly reduced the ul- 
cerations, hemorrhage, edema and particularly 
mononuclear cell infiltration of the inflamed intes- 
tine (Sikiric et al, 1993~). Similarly, in another 
model of acute and chronic colonic inflammation, 
application of trinitrobenzene-sulfonic acid (TNBS) 
in rats (Morris et ul, 1984), a prominent lesion re- 
duction was observed in TNBS-rats treated with 
BPC pentadecapeptide (Veljaca et ~1, 1994a, b. 
199513). BPC 157 was shown to reduce LTB4 and 
TXB2 serum and inflamed tissue levels (Veljaca et 
nl, 1994a, 1995b). This pentadecapeptide also de- 
creased MPO level in inflamed tissues (Veljaca et 
al, 1994a). In these studies (Sikiric et al, 1993~; 
Veljaca et al, 1994a, b, 1995b), an apparently same 
range of doses as in the present report was used. 
In analogy, the salutary BPC 157 effects in adjuvant 
arthritis lesions (ie less synovitis, arthritis and peri- 
arthritis, mononuclear cells infiltrations and perios- 
titis with formation of the periosteal new bone, less 
paw swelling, nodes and stiffness) could be also in- 
terpreted as a likely consequence of a beneficial in- 
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fluence on delayed type of hypersensitivity reac- 
tions. 

How to combine these findings with the known 
effectiveness of the drugs therapeutically used in 
rheumatic disorders (Pearson, 1956, 1959; New- 
bould, 1963; Glenn and Grey, 196.5; Brown et al, 
1971; Perper et ul, 1971; Shen, 1977, 1984)? From 
this point of view, the noted BPC 157 effectiveness 
in adjuvant arthritis (prophylactic/therapeutic effect, 
non-established/established adjuvant arthritis) 
seems to be not observed with the present thera- 
peutic agents. Glucocorticoids are effective in ad- 
juvant arthritis prevention when daily applied, but 
not in short treatment, immunosuppressants (in high 
dosage) and non-steroidal analgetics only in pre- 
treatment or post-treatment respectively (Pearson, 
1956, 1959; Newbould, 1963; Glenn and Grey, 
1965; Brown et al, 1971; Perper et al, 1971; Shen, 
1977, 1984). Thus, it could be speculated that a par- 
ticular combination of their mechanisms (regardless 
of the not fully defined) is involved in the BPC 
beneficial activity in adjuvant arthritis lesions. 

In this, whether and how BPC 157 would affect 
the initial immune response, remains to be seen. 
However, a beneficial effect on adjuvant arthritis 
development is noted already after a single BPC 157 
application, given 1 h before or after Freund’s ad- 
juvant application. Consequently, an inhibition or 
interference with the initial immune phenomena in- 
volved in this delayed hypersensitivity reaction, 
most probably lymphocytes, known to be of con- 
siderable importance respectively (Pearson, 1956, 
1959: Newbould. 1963; Brown et al ,  197 1; Perper 
ef al, 197 1) for inductive phase of immunologic re- 
sponse, could be likely suggested. This initial ef- 
fectiveness in adjuvant arthritis prevention could be 
even enhanced with its daily application. Higher (10 
/.tglkg) dosage was effective either after single or 
daily regimen, whereas lower (10 ng/kg) dose, pre- 
viously ineffective given as a single application, 
becomes efficacious applied as a daily regimen. 
This finding in conjecture with a therapeutic effect 
of BPC 157 on fully established arthritis, favors its 
further beneficial role in the entire course of adju- 
vant arthritis. 

However, despite the presented evidence, the pre- 
cise mechanism of the BPC 157 efficacy in adjuvant 
arthritis remains still elusive. Theoretically, despite 
general limitations (Pearson, 1956, 1959: Winter et 
al. 1962; Newbould, 1963; Glenn and Grey. 1965; 
Brown et al, 1971; Perper et al, 1971; Shen, 1977, 
1984; Damas and Deflandre, 1984; Gyires and 
Torma, 1984; Willoughby et al, 1986), a possible 
solution could be further searched within generally 
known complexity of processes involved in the in- 
flammation and different systems’ interactions in the 

various models of inflammation (Pearson, 1956, 
1959: Winter et al, 1962; Newbould, 1963; Glenn 
and Grey. 1965: Brown et al, 1971; Perper et cd, 
1971; Shen, 1977. 1984; Damas and Deflandre, 
1984; Gyires and Torma, 1984: Willoughby et al, 
1986). For instance, the histamine, 5-HT, bradykinin 
and prostaglandin systems are sequentially involved 
in the carrageenin edema formation (Damas and De- 
flandre, 1984), but the prostaglandins are widely ac- 
cepted to be very important @hen, 1977, 1984). 
Concerning their involvement in rheumatic pro- 
cesses and prostaglandin-synthesis inhibitors, 
besides cycle-oxygenase inhibition, an inhibition of 
other products of arachidonic acid seems to be even 
more therapeutically important (Shen. 1977, I 984). 
Thus, the mentioned inhibitory effect of BPC 157 
on inflammatory mediators, MPO, LTB4 and TXB2 
(Veljaca et al, 1994a, b, 1995b) could provide an 
explanation for the observed efficacy. For instance, 
pentadecapeptide BPC is also able to dose-depend- 
ently reduce the release of LTB4 in human blood 
stimulated by a calcium ionophore A23 187 (Veljaca 
et al, 1995b). Besides this, there is a likely possi- 
bility that some of the beneficial effects of BPC 157 
in adjuvant arthritis could be (directly and/or indi- 
rectly) mediated by glucocorticoids. BPC peptide 
beneficial activity (eg gastrointestinal tract protec- 
tion) would disappear after adrenalectomy in rats 
(Sikiric et al, 1993b). Applied in stress conditions, 
besides mucosal integrity of gastrointestinal tract, 
pentadecapeptide BPC 157 would protect the adre- 
nal gland as well (Park and Klucyznski, 1994; Si- 
kiric ef nl. 1993b). 

Of note, these findings have to be viewed in the 
light of the salutary effects noted in gastrointestinal 
tract lesions, particularly those induced by NSAIA 
applications. An overproduction of leucotriens, as a 
consequence of cycle-oxygenase inhibition by 
NSAIAs, was convincingly implicated in pathogen- 
esis of NSAIA-Gl tract ulcers. As mentioned, BPC 
157 induced modulation (and/or inhibition) of a da- 
maging overactivity of leucotriens and other inflam- 
matory mediators (ie MPO, TXB2) was noted in 
inflamed animal tissues and human blood (Veljaca 
et al, 1994a. b, 1995b). Whether this could provide 
a common explanation for this pentadecapeptide sa- 
lutary effect on NSAIA-gastrointestinal tract lesions 
as well as adjuvant arthritis remains to be seen. In 
any case, a BPC 157-beneficial effect on NSAIA- 
gastrointestinal tract lesions could be clearly ex- 
pected. Besides mentioned salutary effect in colitis 
induced by DNFB or TNBS (Sikiric rt al, 1993~; 
Veljaca et al, 1994a. b, 1995b) a strong protective 
effect was demonstrated on ethanol and restraint 
stress gastric lesions (Part? and Klucyznski. 1994; 
Sikiric et al. 1993~. 1994, 1996a. b: Sandor et ~1. 
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1996) and cysteamine duodenal ulcers (Sikiric ef al, 
1994; Sandor et al, 1996). These effects were noted 
after either parenteral or perorai application, a find- 
ing in keeping with a particular stability of this pen- 
tadecapeptide in human gastric juice (Pare and 
Klucyznski, 1994; Sikiric et al, 1993, 1994, 1996a, 
b; Veljaca et al, 1995a; Sandor et al, 1996). In line 
with the original isolation of BPC peptide from gastric 
juice, and its stomach origin (Sikiric et al, 1993a, b, 
c, d, 1994, 1995, 1996a, b), this pentadecapeptide, 
incubated in human gastric juice or in water, was 
not subjected to any degradation during 24 h, unlike 
h-EGF and h-TGFa, stable in water, but degraded 
in gastric juice already after 15 min (Veljaca et al, 
1995a). 

Additionally, the described BPC 157 effects in the 
present report seem to be at least partly shared also 
by drugs therapeutically used in gastrointestinal ulcers 
or rheumatic disorders (Robert, 1979; Hemandez et 
al, 1984; Kuwayama and Eastwood, 1985; Malone et 
al, 1991; Marabini et al, 1991; Robert et al, 1991; 
Tascilar et al, 1993). Besides improving gastrointes- 
tinal disturbances in rheumatic patients with NSAIAs 
therapy, several antiulcer drugs would also favorably 
affect the rheumatic disorders as well (Malone et al, 
1991; Marabini et al, 1991; Tascilar et al, 1993). For 
instance, misoprostol increased the anti-inflammatory 
effect of acetylsalicylic acid in adjuvant arthritis in 
rats at some dosage regimens (Tascilar et al, 1993). 
Cimetidine substantially decreased dermal and syno- 
vial mast cell-induced vasopermeability (Malone et al, 
199 1). Intra-articular somatostatin induced a clinical 
improvement in rheumatic patients (Marabini et al, 
1991). Similarly, there is evidence that the drugs cur- 
rently used in rheumatic disorders, and thought to have 
an ulcerogenic effect, could have an opposite salutary 
activity on gastric mucosa as well. Instead of an in- 
creased ulcerogenesis, a high tolerance was regularly 
produced by a prolonged treatment with NSAIAs (Ro- 
bert, 1991; Rainsford, 1992). Moreover, the concept 
of cytoprotection, introduced by Robert, is based on 
the evidence that aspirin would protect gastric mucosa 
against damaging effect of indomethacin (Robert, 
1979). An apparent lack of ulcers in the experimental 
animals and increased proliferation of the gastric mu- 
cosa are noted after 2 weeks of daily treatment with 
either aspirin (Robert et al, 1991) or indomethacin 
(Kuwayama and Eastwood, 1985). Interestingly, the 
resistance to ulcer formation persisted for 10 days fol- 
lowing 4 days of treatment with aspirin and cold (Ro- 
bert et al, 1991). A beneficial effect on gastric stress 
ulcers was noted for corticosteroids as well (Heman- 
dez et al, 1984). 

Could this commonality in the positive effects of 
the seemingly opposite medications provide a com- 
mon basis for both gastrointestinal ulcerations and 

rheumatic disorders? Supportingly, the incidence of 
the gastrointestinal ulcers was increased in rheu- 
matic patients even without use of NSAIA (Caruso 
and Bianchi Porro, 1980; Doherty et al, 1987; 
Festen, 1988). Previously, it was shown that raised 
serum immunoreactive gastrin was consistently 
raised in both rats with adjuvant arthritis and rheu- 
matic patients (Rooney et al, 1973a, b). An import- 
ant role of foregut hormones was consequently 
suggested (Rooney et al, 1973a). 

As an additional link, capsaicin-sensitive neurons 
(Holzer, 1991) could be proposed. Besides in main- 
tenance of gastrointestinal mucosa integrity, cap- 
saicin sensitive neurons have been implicated in the 
both afferent central transmissions of nociceptive 
information and in the efferent regulation of inflam- 
mation and sensitization of joint sensory endings in 
a chronic pain state, for example arthritis (Holzer, 
1991). Recently, in addition to a powerful mucosa 
protection, a close interaction with capsaicin sensi- 
tive neurons was clearly demonstrated for BPC 157 
(Sikiric et al, 1993b, 1994). Thus, it has been sug- 
gested to be one of the neuropeptides implicated in 
conduction of nociceptive information (Sikiric et al, 
1993b, c). Indeed, in rheumatic disorders, a raised 
level of neuropeptides in conjecture with an increased 
number of nerve fibers staining for neuropeptides such 
as substance P, calcitonin gene related peptide and so- 
matostatin in inflamed tissues, has been consistently 
noted (Holzer, 1991; Mantyh, 1991). 

In summary, the present study demonstrated that 
BPC 157 pentadecapeptide has a beneficial effect 
on NSAIA-induced gastrointestinal tract lesions and 
non-established and established adjuvant arthritis in 
rats. It is possible that its efficacy appears as a con- 
sequence of a specific activity in inflammatory pro- 
cesses (eg interference with release of arachidonic 
acid metabolites, particularly LTB4) (Veljaca et al, 
1994a, b,1995b). These potentially interesting find- 
ings need to be further investigated in clinical trials. 

Acknowledgment 

This study was subsidized by grants from Ministry of 
Science of Republic of Croatia and Pliva, Zagreb, Croatia. 

References 

Banic M, Brkic T, Anic B, Rotkvic I, Grabarevic Z, Duvnjak M, 
Troskot B, Mihatov S (1993) Effect of methylprednisolone 
on small bowel, spleen and liver changes in a murine model 
of inflammatory bowel disease. Aliment Pharmacol Ther 7. 
201-206 

Bosnjak ZJ, Graf BM, Sikiric P, Stowe DF (1994) Protective ef- 
fects of newly isolated gastric peptide following hypoxic and 



121 

reoxygenation injury in the isolated guinea pig heart. FASEB 
J 8, A 129 

Brkic T, Banic M, Anic B, Grabarevic 2, Rotkvic I, Artukovic 
B. Duvnjak M, Sikiric P, Troskot B, Hernandez DE (1992a) 
A model of inflammatory bowel disease induced by 2,4-din- 
tirofluorobenrene in previously sensitized BALB-c mice. 
&and J Gastroenterol 27, 184-188 

Brkic T, Banic M, Anic B, Rotkvic I, Grabarevic 2, Sikiric P, 
Duvnjak M, Krpan H, Marie S, Kovacevic I (1992b) The in- 
fluence of methylprednisolone on inflammatory bowel lesions 
induced with 2.4.dinitrofluorobenzene in previously sensitized 
BALB-c mice. E.rp C/in Gastroenterol 2. 361-364 

Brown JH, Taylor JL, Pollock SH (1971) Effect of duration of 
administration of cyclophosphamide and steroidal anti-inflam- 
matory drugs on the severity of polyathritis. Arch Int Phar- 
mncodw 194, 38 l-386 

Caruso I, Bianchi Porro G (1980) Gastroscopic evaluation of anti- 
inflammatory agents. Br Med .I 280. 75-78 

Damds J. Deflandre E (1984) The mechanism of the anti-inflam- 
matory effect of turpentine in the rat. Nalmvn-SchmiedeberR’s 
Arch Phamtucol 327. 143-147 

Doherty M. Hunt RH, Langman MJ (1987) Management of 
NSAIDinduced gastrointestinal disturbance. Ann Rheum Dis 
46, 640-643 

Festen HPM (1988). Diagnosis of gastrointestinal lesions during 
treatment with non-steroidal anti-inflammatory drugs. Aliment 
Pharmucol Thrrap 2s. 113-109 

Glenn EM. Grey J (1965) Adjuvant-induced polyarthritis in rats. 
Am J Vet Res 26. 1180-l 194 

Guglietta A (1992) Possible clinical use of peptide growth factors 
in the CI tract: perspectives and obstacles. Exp C/in Gastroerz- 
terol 3. l-6 

Gyires K, Tormd Z (1984) The use of the writhing in mice for 
screening different types of analgesics. Arch Int Pharmacodw 
Ther 267. 131-140 

Hernandez DE. Adcock JW, Nemeroff CB, Prange AJ ( 1984) The 
role of adrenal gland in cytoprotection against stress induced 
gastric ulcers in rats. J Neurosci Res 11, 193-201 

Holzer P (I 991) Peptidergic sensory neurons in the control of 
vascular functions: Mechanisms and signficance in the cuta- 
neous and splanchnic vascular beds. Rev Ph.vsiol Biochem 
Pharmacol I2 I, 49- 146 

Kuwayama H, Eastwood GL (1985) Effect of water immersion 
restraint stress and chronic indomethacin ingestion gastric an- 
tral and fundic epithelial proliferation. Gastroenterology 88. 
362-365 

Malone DG. Vikingsson A, Seebruch JS, Verbsky JW, Dolan PW 
(I 99 1) In vi\ao effects of nonsteroidal anti-inflammatory drugs 
on rat skin and synovial mast cell-induced vasopermeability. 
Arthritis Rheumatkm 34, 164-170 

Mantyh PW (1991) Substance P and the inflammatory and im- 
mune response. Ann NY Acad Sci 632, 263-271 

Marabini S, Matucci-Cerinic M, Geppetti P, Del Bianco E, Mar- 
chesoni A, Tosi S, Cagnoni M, Partsch G (1991) Substance 
P and somatostatin levels in rheumatic arthritis, ostearthritis. 
and psoriatic arthritis synovial fluid. Ann NY Acad Sci 632. 
435-436 

Morris GP. Rebeira L, Herridge MM, Szewczuk M, Depw W 
(1984) An animal model for chronic granulomatous inflam- 
mation of the stomach and the colon. Gastroenrerology 86, 
1188. 

Newbould BB (1963) Chemotherapy of arthrititis induced in rats 
by mycobacterial adjuvant. Br J Pharmacol 21. 127-136 

ParC W. Klucyznski JM (1994) The effect of new gastric juice 
peptide BPC on classic stress triad in stress procedure. Ex~ 
C/in Gostroenterol 2. 234-236 

Pearson CM (1956) Development of arthritis, periarthritis and 
periostitis in rats given adjuvants. Proc Sot E.xp Biol (NY) 
91. 95-101 

Pearson CM (1959) Development of arthritis in the rat following 
injection with adjuvant. In: Mechanisms of Hypersensitivity. 
Little Brown, Boston, 647-671 

Perper RJ. Alvarez B, Colomvbo C. Schroder A (1971) The use 
of a standardized adjuvant arthitis assay to diffeerentiate be- 
tween anti-inflammatory and immunosuppressive agents. Proc 
Sot Exp Biol Med (NY) 137, 506-512 

Rainsford KD (1992), Mechanisms of NSAID-induced ulcerogen- 
esis: structural properties of drugs, focus on the microvascular 
factors, and novel approaches for gastro-intestinal protection. 
In: Cell irzjuq and protection in the gustrointestinnl tract: 
from basic sciences to clinical perspectives. AkedCmiai Kiad6. 
Budapest, 23-38 

Robert A (1979) Cytoptotection by prostaglandins. Gastroentero- 
logy 77. 761-767 

Robert A, Lancaster C, Olafsson AS, Gilbertson-Beadling S, 
Zhang W ( 199 I) Gastric adaptation to the &erogenic effect 
of aspirin. Exp C/in Gastroenterol I. 73-81 

Rooney PJ. Dick WC, Imrie RC, Buchanan KD (1973a) Animal 
model to study the relationship between immunoreactive gas- 
trin and inflammatory arthritis. Nature 246. 497-498 

Rooney PJ, Vince J, Kennedy AC, Webb J, Lee I? Dick WC. 
Buchanan KD. Hayes JR, Ardill J, O’Connor F (1973b) 
Hypergastrinemia in rheumatoid arthritis: disease or iatrogen- 
esis. Br Med J 2. 752-753 

Sandor 2. Vincze A, Szabo S (1996) The protective effect of a 
recently isolated gastric peptide in acute and chronic gastro- 
duodenal injury. FASEB J IO, 171 

Shen TY (1977) Chemical and biological studieb on indometh- 
acin. sulindac and their analogs. Adv Drug Res 12, 89-245 

Shen TY I 1984) The proliferation of non-steroidal anti-intlam- 
matory drugs (NSAIDS). In: Discoveries in pharmacology 
Volume 2: Haemodyamics, hormones & inflammation. Else- 
vier Science Publishers BV. Amsterdam. New York. Oxford, 
523-553 

Sikiric P, Rotkvic I, Mise S. Krizanac S, Gjuris V. Jukic J, Suc- 
hanek E, Petek M, Udovicic 1, Kalogjera L, Geber J, Tucan- 
Foretic M. Duvnjak M. Philipp M. Balen 1. Anic T (1988) 
The influence of dopamine agonists and antagonists on indo- 
methacin lesions in stomach and small intestine in rats. Eur 
J Pharmacol 158. 61-67 

Sikiric P, Banic M, Brkic T, Seiwerth S, Grabarevic 2. Rucman 
R, Petek M, Anic B. Rotkvic 1. Duvnjak M Veljaca M, Si- 
micevic V (1993a) Effect of a novel pentadecapeptide BPC 
157 and methylprednisolone in a murine model of inflamma- 
tory bowel disease. Castroenterology 104. 782 

Sikiric P, Gyires K, Seiwerth S, Grabarevic Z, Rucman R, Petek 
M, Rotkvic I. Turkovic B, Udovicic I. Jagic V, Mildner B, 
Duvnjak M, Danilovic Z (1993b) The effect of pentadecapep- 
tide BPC 157 on inflammatory, non-inflammatory, direct and 
indirect pain and capsaicin neurotoxicity. Infammophnrmaco- 
logy 2, 121-127 

Sikiric P, Petek M, Rucman R, Seiwerth S, Grabarevic Z. Rotkvic 
I. Jagic V, Mildner B, Duvnjak M, Lang N (1993~) A new 
gastric juice peptide. BPC-an overview of stomach/stress/or- 
ganoprotection hypothesis and BPC beneficial effects. J 
Ph.vsiol (Paris) 87. 3 13-327 

Sikiric P, Seiwerth S, Grabarevic Z, Rucman R, Petek M, Rotkvic 
I. Turkovic B. Jagic V. Mildner B, Duvnjak M, Danilovic Z 
(1993d) Hepatoprotective effect of BPC 157, a IS-aminoacid 
peptide, on liver lesions induced by either restraint stress or 
bile duct and hepatic artery ligation or CC14 administration. 
A comparative study with dopamine agonists and somato- 
stdtin. Life Sri 53. PL291-PL297 



122 

Sikiric P. Seiwerth S. Grabarevic Z. Rucman R, Petek M, Rotkvic 
1, Turkovic B, Jagic V, Mildner B, Duvnjak M, Danilovic Z 
(1994) The beneficial effect of BPC 157, a 15 amino acid 
peptide BPC fragment, on gastric and dudodenal lesions in- 

duced by restraint stress. cysteamine and 96% ethanol in rats. 
A comparative study with H2 receptor antagonists, dopamine 
promotors and gut peptides. @ Sci 54, PL63-PL69 

Sikiric P, Rotkvic I, Mise S, Seiwerth S. Grabarevic Z, Petek M. 
Rucman R, Zjacic-Rotkvic V. Duvnjak M, Jagic V, Suchanek 
E, Marovic A, Banic M, Brkic T, Hanzevacki M. Separovic 
J, Diacic S. Simicevic V (1995) Dopamine aeents efficacy in 
pep& ulcer healing and relapse prevention y a further indi- 
cation for importance of stomach dopamine in the stress or- 
ganoproteciion concept. In: Ne.uroendocrino1og.v 0.f 
Gastrointestinal Ulceration. Hans Selve Symposia on Neu- 
roendocrinology and Stress. Volume -2, P&urn Publishing 
Corporation, New York, 22 I-230 

Sikiric P Seiwerth S. Grabarevic Z, Rucman R, Petek M, Jagic 
V, Turkovic B, Rotkvic I, Mise S. Zoricic I, Jurina Lj, Kon- 
jevoda P, Hanzevacki M, Ljubanovic D. Separovic J, Gjurasin 
M, Bratulic M, Artukovic B, Jelovac N, Buljat G (I 996a) Sa- 
lutary and prophylactic effect of pentadecapeptide BPC 157 
on acute pancreatitis and concomitant gastroduodenal lesions 
in rats. Dig Dis Sci 41. 1518-1536 

Sikiric P Seiwerth S. Grabarevic Z. Rucman R, Petek M, Jagic 
V. Turkovic B, Rotkvic I, Mise S. Zoricic I, Gjurasin M, Kon- 
jevoda P, Separovic J, Ljubanovic D, Artukovic B, Bratulic 
M. Tisliar M. Jurina Li, Buliat G, Miklic P. Marovic A (1996b) 
The beneficial effect bf a novel pentadecapeptiide BPC 157 
on gastric lesions induced by restraint stress, ethanol. indo- 
methacin and capsaicin neurotoxicity. Dig Dis Sci 41. l604- 
1614 

Tascilar 0. Saray A. Dizbay-Sak S, Melli M ( 199.3) Acetylsal- 
icylic acid and misoprostol combination in adjuvant arthritis 
of rats. Injlumma/ion 17, 4899498 

Thompson J. Greeley GH Jr. Rayford PL. Twonsed CM Jr ( 1987) 
Gastrointestinal endocrinology. McGraw-Hill Book Company. 
New York 

Veljaca M, Lech CA, Pllana R. Sanchez B. Chan K. Guglietta 
A (I 994a) BPC- I5 reduces trinitrobenzene sulfonic acid-in- 
duced colonic damage in rats. J fharmc~col Exp Ther 272, 
4 11-422 

Veljaca M, Pllana R, Lech CA, Sanchez B, Chan K. Guglietta 
A (1994b) Protective effect of BPC 157 on a mt model of 
colitis. Gasfrorntrmlog~ 106, 7X9 

Veljaca M, Chan K, Guglietta A (1995a) Digestion of h-EGF. 
kTGF alpha, and BPC-I5 in human gastric juice. Gastrnun- 
trro/ogy 108, 761 

Veljaca M. Lech CA, Sanchez B, Low J, Guglietta A (1995b) 
Protection of BPC-15 on TNBS-induced colitis in rats: 
possible mechanisms of action. Ga.strorntrrolo,yy 108. 936 

Willoughbv SC. Hoops RM, Johanson NW ( 1962) Carraneenin- _ . . . 
induced oedema in hind paw of the rat as an assay for anti- 
inflammatorv drugs. Proc Sot EXD Binl Mrd (NY) I I I, 
544-547 . - 

Willoughby SC;, Hopps RM, Johanson NW (1986) Changes in 
the rate of epithelial proliferation of rat mucosa in response 
to acute inflammation induced by turpentine. Archs Oral Biol 
31. 193-199 

Winter CA. Risely EA. Nuss GW (1962) Carrageenin-induced 
oedema in hind paw of the rat as an assay for anti-intlam- 
matory drugs. Proc Sot E.xp Biol Med I I I. 544 


