
INTRODUCTION
Re cent stud ies showed the high cy to pro tec tive ac tiv ity

of some oly gopep tides, in par ticu lar gly pro lines, Gly- Glu-
Pro-Pro -Pro -Gly -Lys -Pro -Ala -Asp -Asp -Ala -Gly -Leu -Val
known as BPC 157, Arg-α-Asp-Lys-Val-Tyr-Arg (AALVTA), 
able to re duce the dam age of gas tric mu cosa (GM) [5, 8,
10]. These ef fects might be ex plained by their mul ti di rec -
tional in flu ence on ho meo sta sis, in ter cell com mu ni ca tion,
al though the in ter ac tions of these sub stances with the cy clo -
oxy ge nases (COX)/pros ta glandins sys tem re mains un clear.

MA TE RIAL AND METH ODS
The aim of re search was to study the gas tro pro tec tive

ac tion of AALVTA in in ter ac tions with the COX-1/
COX-2/pros ta glandins sys tem. 

The stud ies were con ducted in 42 white Al bino rats in
keep ing with the in ter na tional regu lars on ex peri men tal
pro ce dures on labo ra tory ani mals. The rats were fed on
a s tan dard rat chow and wa ter ad li bi tum.

Gas tric le sions (GL) were in duced by intrape ri to neal
in jec tion of epi neph rine (2 mg/kg) [14].

The rats were divided into 7 groups. The first group in -
cluded the in tact ani mals and in the other groups we
in ves ti gated the ac tion of the fol low ing medi ca tions: [2]
epi neph rine, [3] AALVTA (1μkg/100g), [4] se lec tive
COX-2 blocker ce le coxib (10 mg/kg); [5] com bined ac -
tion of AALVTA and ce le coxib; [6] non se lec tive COX-1
blocker indometha cin (10 mg/kg); [7] com bined ac tion of
AALVTA and indometha cin. All ani mals, ex cept of the
in tact ones, 15 min utes be fore the ap pli ca tion of the in ves -
ti gated medi ca tions were pre treated with epi neph rine.  

Af ter 24 hours, the ani mals were an aes the tized by ure -
thane (1.1 mg/kg) were sac ri ficed by de capi ta tion and
gas tric mu cosa and blood were taken for in ves ti ga tions.

The area and se ver ity of GL were evalu ated us ing the
method of plan io me try and 12- grade scale. 

With the pur pose to in ves ti gate the NO- synthase
(NOS) sys tem status, NOS ac tiv ity [11] and ni trite an ion
con tent [3] in GM and L- arginine level in plasma [1] were
meas ured. All re sults were proc essed by the method of
varia tion sta tis tics.

RESULTS AND DISCUSSION
The rats in tro duced to epi neph rine de vel oped se vere

struc tural and hem or rhagic le sions of GM –  in 90% ani -
mals the ul cer of the stom ach was evalu ated and the other
10% had deep ero sions and hemor hages. The mean dam -
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aged area made up 38.5±5 mm2 and 10.9±2 grades
(Fig. 1). In rats, ad min is tered AALVTA in epinephrine-
 induced stress, the dam aged area of GM was 42% smaller
and the se ver ity of GL de creased by 39.44%. The ul cer of
the stom ach de vel oped in 45% ani mals. The ac tion of ce -
le coxib de creased the area of GL by 45% and in dex of
dam age by 37% re spec tively whereas the ul cer of the
stom ach was seen in 37.5% ani mals. Com bined ac tion of
AALVTA and ce le coxib led to more sig nifi cant de crease
of the dam aged area of GM (by 70%) in epinephrine-
 induced stress, com pared to the iso lated ad mini stra tion of
each drug and only 25% of the en rolled ani mals de vel -
oped the ul cer of the stom ach. Indometha cin in tro duc tion
in duced 40% de crease of the area of GL, al though the gas -
tric dam age was more se vere com pared to iso lated ac tion
of epi neph rine – 100% of the in ves ti gated ani mals had ul -
cer of the stom ach. The si mul ta ne ous ac tion of AALVTA
and indometha cin en hanced the ul cera tive ef fect of
indometha cin – the dam aged area al most did not change
in com pari son to the iso lated ac tion of this hexapep tide on 
the back ground of epi neph rine, but 75% ani mals de vel -
oped stom ach ul cera tion.

Un der physi ol ogic con di tions cNOS is sup posed to be
domi nat ing in GM while iNOS, pro duc ing large amounts
of high ac tive ni tro gen ox ide is be ing upregu lated in in -
flam ma tion, trauma, ul cera tion [7]. In our stud ies the
pro por tion of eNOS/iNOS in in tact ani mals made up 2.8,
re spond ing with the data pro vided by other authors.  In ex -
peri men tal ul cera tion of the stom ach NOS ac tiv ity acutely 

in creased by 68%, mainly due to the 9 times in crease of
iNOS ac tiv ity, while ĺNOS ac tiv ity did not change sig nifi -
cantly in GM. The nitrite- anion con tent in creased by
39.7%, in GM, L-ar ginine con cen tra tion in plasma de -
creased by 42.0% (Ta ble 1). 

In tro duc tion of AALVTA in epinephrine- induced
stress de creased to tal NOS ac tiv ity by 29%, iNOS ac tiv ity
– by 47.3% (p<0.05), iNOS ac tiv ity re mained al most un -
changed, nitrite- anion con tent de creased by 31.8% in GM
and L-ar ginine con cen tra tion in plasma in creased by 30%.

The ac tion of ce le coxib on the back ground of epi neph -
rine de creased NOS ac tiv ity by 21%, łNOS – by 20% and
the ten dency to de crease of ĺNOS ac tiv ity and NO in GM
as well as L- arginine in plasma was also evalu ated.

The com bined ac tion of AALVTA and ce le coxib in
epinephrine- induced stress en hanced the de crease of to tal
NOS ac tiv ity by 44.3%,  iNOS – by 52% and nitrite- anion
con tent – by 32% in GM, In plasma L- arginine con cen tra -
tion in creased al most 2 times.

The indometha cin ac tion in epinephrine- induced stress 
also de creased to tal NOS ac tiv ity by 39%, iNOS – by 56%
and there was ten dency to in crease of iNOS ac tiv ity in
GM. NO con tent in GM and L-ar ginine con cen tra tion in
plasma re mained al most un changed.

Un der con di tions of the ac tion of AALVTA on the
back ground of indometha cin in epinephrine- induced
stress the in di ces of NOS, iNOS ac tiv ity, NO con tent in
GM did not dif fer much from those ob tained in ani mals,
in tro duced to iso lated ac tion of epi neph rine.  
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Fig. 1. A – the area (mm2) and B – severity (grades) of GL under conditions of isolated action of  AALVTA and on the background of
nonselective COX-1 blockade with indomethacin and selective COX-2 blockade with celecoxib, where the effects of the following drugs 
are: 1 – epinephrine; 2 – AALVTA and epinephrine; 3 – celecoxib and epinephrine; 4 –  AALVTA, celecoxib and epinephrine; 5 –
indomethacin and epinephrine; 6 – AALVTA and indomethacin

Ta ble 1. NOS ac tiv ity, NO con tent in GM and L-ar ginine con cen tra tion in plasma un der con di tions of iso lated ac tion of
Arg-α-Asp-Lys-Val-Tyr-Arg and on the back ground of non se lec tive COX-1 block ade with indometha cin and se lec tive COX-2
block ade by ce le coxib

Series of investigations
NOS

(nmol/min·g of protein)
eNOS

(nmol/min·g of protein)
iNOS

(nmol/min·g of protein)
NO

(μmol/g)
L-arginine
(μmol/ml)

Intact animals 0.699±0.42 0.516±0.32 0.184±0.11 16.1±2.55 43.0±2.09
Epinephrine     2.19±0.33*     0.48±0.225       1.71±0.28**   26.7±3.11*    24.9±4.39*
AALVTA + epinephrine      1.56±0.26# 0.658±0.10    0.901±0.17#    18.2±2.93#  35.4±9.40
Celecoxib + epinephrine      1.74±0.18#   0.46±0.23      1.27±0.15#    15.6±2.64#  27.2±3.52
AALVTA + celecoxib + epinephrine      1.22±0.34# 0.402±0.31     0.818±0.22# 18.1±3.0     40±4.24
Indomethacin+_epinephrine    1.332±0.19#   0.58±0.25       0.75±0.36#     23±2.54     26±4.12
AALVTA + indomethacin + epinephrine   2.26±0.26   0.44±0.43     1.82±0.61     25±2.72     23±3.46



Epi neph rine-in duced GL are ac com pa nied by acute ac -
ti va tion of NOS, which causes the de crease of L- arginine- 
con cen tra tion in plasma due to its utili za tion by iNOS. In -
tro duc tion of Arg-α-Asp-Lys-Val-Tyr-Arg in hib its NOS
ac tiv ity in GM. 

AALVTA caused en hance ment of cy to pro tec tion pro -
cesses of the stom ach, which could be ex plained by its
deg ra da tion into di- and tripep tides, con tain ing ar ginine,
able to in hibit NOS. 

Pros ta glandins are hor mone-like me dia tors, play ing
cru cial role in such im por tant mecha nisms of GM de fense
as de crease of acid se cre tion, stimu la tion of mu cous pro -
duc tion, blood flow bi car bonathe se cre tion, phos pholip ids
pro duc tion [6]. Pros ta glandins, pro vid ing GM in teg rity
are be ing pro duced by the metha bo lism of ara chi donic
acid by con sti tu tive COX-1 iso form while COX in mam -
mals is be ing upregu lated by in flam ma tory me dia tors,
growth fac tors, mi to genic stim uli and the role of this iso -
form in gas tro pro tec tion and ul cer heal ing is not yet
clearly un der stood.  As sum ing these data we can sug gest
that AALVTA en hances the cy to pro tec tion of the stom -
ach through stimu la tion of the pro duc tion of the de fen sive 
pros ta glandins.  The de crease of the gas tro pro tec tive ac -
tion of AALVTA un der con di tions of non se lec tive
COX-1 block ade with  indometha cin might be ex plained
by the stimu lat ing ef fect of this hexapep tide on poly -
morphinu clear leu ko cytes, as it is known that the se ver ity
of ex peri men tal gas tro pa thy, caused by nonsthe roi dal
anti- inflammatory drugs, is sig nifi cantly lower in rats
with in duced neu tro penia [4, 9].

It is also known that AALVTA de creases COX-2 ac tiv -
ity [9], thus it can be hy pothe sized that un der con di tions
of se lec tive COX-2 block ade with ce le coxib the in flam -
ma tory ac tion of AALVTA is be ing in creased, hav ing the
posi tive in flu ence on the mecha nisms of cy to pro tec tion of
the stom ach [8]. The iso lated ac tion of ce le coxib in epi -
neph rine-in duced stress also showed some cy to pro tec tive
ef fect but it was less sig nifi cant than in the case when
com bined with AALVTA.  

CONCLUSIONS
Hexapep tide AALVTA ex erted gas tro pro tec tive ef fect

on GM in epi neph rine-in duced ex peri men tal GL in rats
through the de crease of NOS ac tiv ity. 

Se lec tive COX-2 block ade en hanced the cy to pro tec -
tive ac tion of AALVTA. 

Non se lec tive block ade by COX-1 caused sig nifi cant
de crease of the gas tro pro tec tive prop er ties of AALVTA,
show ing in volve ment of COX-1 iso form in the mecha -
nisms of cy to pro tec tion of GM un der the ac tion of this
hexapep tide. 
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