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Abstract: Background: Brain-gut interaction involves, among others, peptidergic
growth factors which are native in GI tract and have strong antiulcer potency and
thus could from periphery beneficially affect CNS-disorders. We focused on the
stable gastric pentadecapeptide BPC 157, an antiulcer peptidergic agent, safe in
inflammatory bowel disease trials and now in multiple sclerosis trial, native and
stable in human gastric juice.

Methods: Review of our research on BPC 157 in terms of brain-gut axis.

Results: BPC 157 may serve as a novel mediator of Robert’s cytoprotection, involved Prg Sikiric

in maintaining of GI mucosa integrity, with no toxic effect. BPC 157 was successful

in the therapy of GI tract, periodontitis, liver and pancreas lesions, and in the healing of various tissues

and wounds. Stimulated Egr-1 gene, NAB2, FAK-paxillin and JAK-2 pathways are hitherto implicated.

DoI- Initially corresponding beneficial central influence was seen when BPC 157 was given peripherally and a

10.2174/1570159X13666160502153  gerotonin release in particular brain areas, mostly nigrostriatal, was changed. BPC 157 modulates
serotonergic and dopaminergic systems, beneficially affects various behavioral disturbances that
otherwise appeared due to specifically (over)stimulated/damaged neurotransmitters systems. Besides,
BPC 157 has neuroprotective effects: protects somatosensory neurons; peripheral nerve regeneration
appearent after transection; after traumatic brain injury counteracts the otherwise progressing course, in
rat spinal cord compression with tail paralysis, axonal and neuronal necrosis, demyelination, cyst
formation and rescues tail function in both short-terms and long-terms; after NSAIDs or insulin overdose

or cuprizone encephalopathies were attenuated along with GI, liver and vascular injuries.
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Conclusion: BPC 157, a gastric peptide, may serve as remedy in various CNS-disorders.
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INTRODUCTION of them were Selyes’ students) showing that the most potent
effect of many peptides (i.e., bombesin, thyrotropin-releasing
hormone, corticotropin-releasing factor, neurotensin) is the
modification of gastrointestinal (GI) functions. The most
prominent action of these peptides on gastric lesions [3-10]
appears when applied within the specific hypothalamic and
brain stem sites or into the cerebrospinal fluid [11]. Since the
brain-gut axis purports an interaction between the brain and
the gut, and vice versa [12], this concept also implies
neurotransmitters and/or peptidergic growth factors, native
in GI tract which have strong anti-ulcer potency and thus
would from periphery beneficially affect CNS disorders as
well. For the therapy purpose this means a harmony that has
to be established between the brain and the gut. Supporting

The discovery of the brain-gut axis belongs to the
seminal Pavlov’s work, his sham-feeding of dogs with
gastric fistula, and the role of vagus nerve in the control of
gastric acid secretion [1]. This has been further proven with
the Selye’s discovery that agents, although very diverse,
always elicit the same neuroendocrine response and that
gastroduodenal ulcers are the last segment of morphologic
triad: hypophyseal-adrenocortical stimulation, thymo-lymphatic
involution and gastroduodenal ulceration [2]. However, the
current view of the brain-gut axis relies on the extensive
evidence carried out by many groups in the late 1980s (most
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is the research providing evidence that the gut-brain axis, as
a bidirectional neurohumoral communication system in the
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human body, also function as a pathway for the gut
microbiota to modulate brain function of its host [13].

POSSIBILITY FOR PRACTICAL REALIZATION OF
THE BRAIN-GUT AXIS IN THERAPY

A practical realization of the brain-gut axis in therapy is
still mainly lacking. As a peripheral counterpart of the brain-
gut axis we assumed Robert’s stomach cytoprotection
concept implying maintenance of GI mucosa as convincing
background for other beneficial effects [14-22]. Thereby, we
focused our research on the stable gastric pentadecapeptide
BPC 157 (GEPPPGKPADDAGLV, M.W. 1419), an anti-
ulcer peptidergic agent with a possible therapeutic effects
(toxicity has not been reported) in diverse neurological
disturbances. Since BPC 157 is native and stable in human
gastric juice, it is thought to be a potent mediator of Robert’s
cytoprotection, maintaining GI mucosa integrity [14-22].

BPC 157 IN PERIPHERY-BIOLOGICAL ACTIONS
AND SIGNIFICANCE FOR CENTRAL EFFECTS

Likely, due to cytoprotection and endothelium
maintenance capability, BPC 157 was successfully used in
the therapy of periodontitis, and for esophagus, stomach,
duodenum, intestine, liver and pancreas lesions [14-21]. In
addition, BPC 157 counteracts alcohol-induced (acute and
chronic) and NSAIDs-mediated lesions [23-27]. BPC 157
may prevent, but also reverse adjuvant arthritis [23], counteracts
aspirin-induced prolonged bleeding and thrombocytopenias
[24], recovers lower esophageal sphincter and pyloric
sphincters function, heals the intestinal anastomosis and
fistulas, and improves adaptation of the intestinal wall layers
after massive resection [14-21]. BPC 157 counteracts many
lesions that may appear, for instance, within insulin- or
NSAIDs-overdose, as well as GI, liver and brain lesions
[25-28] implicating its strong influence on the central
disturbances following peripheral administration.

The wound healing effect of BPC 157 related to the
endothelium protection was noted in deep skin burns [29-
31], transected/injured muscle [32-34], tendon, ligament [35-
40] and bone (pseudoarthrosis, periodontitis) [23, 41, 42]
and nerve [43] healing, as well as in particular tissues such
as cornea [44]. BPC 157 interacts with nitric oxide (NO)
system, both NOS-substrate (L-arginine) and NOS-blocker
(L-NAME) in different models and species [15], including
the regulation of a blood pressure [14]. The observed effects
are related to the stimulatory effect of BPC on Egr-1 gene
and its corresponding co-repressor gene NAB2, stimulation
of FAK-paxillin and JAK-2 signalling pathways [45-47].
Endothelium protection [14-21] leads to its particular effect
on arterial thrombosis, counteraction of prolonged bleeding
after amputation and anticoagulants administration [24, 48],
as well as NO-substrate and NOS-blocker administration, and
opposite conditions arising from NO-system overstimulation
or blockade [48], and finally, rescue of animals with a major
vein obstruction (inferior caval vein) [49]. Likely, this effect
could be responsible for the counteracted dextran-induced
anaphylactoid reaction and increased vascular permeability
[50]. Also, BPC 157 exerts a particular beneficial effect
on chronic heart failure induced by doxorubicin and
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arrhythmias induced by digitalis as well as hyperkalemia and
potassium-induced membrane disturbances [51-53].

Conceptually, the beneficial background on the periphery
implies a corresponding beneficial central influence [22, 54-
66]. Namely, given peripherally, BPC 157 induces the
release of serotonin in particular brain nigrostriatal regions
and has influence on serotonergic [58] and dopaminergic
systems [57]. The observed beneficial effects were obtained
within the specifically (over)stimulated or damaged
dopaminergic, serotoninergic, GABAergic and opioid
systems. The ample evidence on BPC 157 potential
beneficial effects includes the positive influence on many
central disturbances: akinesia [55, 56], catalepsy [55, 56, 65],
somatosensory disorientation [65], tremor [55, 56], seizures,
stereotypies (both acute and chronic) [66], hypothermia [55,
56], hyperthermia, serotonin syndrome [58], acute and
chronic alcohol intoxication [55,56], climbing and helpless
behaviour [60], morphine—induced analgesia [63], diazepam
tolerance and dependence [62], muscle weakness and
function failure [54], dopamine vesicle depletion [54],
amphetamine given acutely [66] and chronically [57],
amphetamine tolerance [57], amphetamine supersensitivity
[66], morphine and naloxone [63], picrotoxin and isoniazid
convulsions [61, 62], cuprizone effects, a neurotoxin
mimicking multiple sclerosis brain lesions and presentation
[22].

Besides, with a direct neuroprotective effect, BPC 157
protects somatosensory neurons [67], strongly improves
nerve regeneration after peripheral nerve transection and
counteracts autotomy [43]. BPC 157 attenuated the course of
traumatic brain injury, postponed deleterious outcome and
counteracted the primary injury with respect to the secondary
injury process [68]. Recently we also reported its beneficial
effects on neuronal necrosis, demyelination, cyst formation
after spinal cord injury and rescue of tail function [69].
Thus, we suggest that this pentadecapeptide is a promising
candidate to realize all beneficial effects of suitably activated
brain-gut axis.

COUNTERACTION OF CATALEPSY AND AKINESIA

Conceptually, in therapy terms of brain-gut axis we
discuss together muscle healing [32-34] and neuroprotective
capabilities [43, 67, 68] of BPC 157 with the counteracting
effect on catalepsy (muscular rigidity and fixed posture
regardless of external stimuli) and akinesia (inability to
initiate movement) and thereby, on severely diminished
dopaminergic cell activity which is involved in the direct
pathway of movement [54, 65]. Besides, the gastric lesions
that appeared along with the catalepsy/akinesia development
were accordingly counteracted and these phenomena may be
particularly interesting [54, 64, 65].

INTERACTION WITH NEUROLEPTICS

The intriguing point was the evidence about anti-
cataleptogenic effect [65] followed demonstration that BPC
157 blocks the stereotypy produced acutely by amphetamine,
and the development of haloperidol-induced supersensitivity
to amphetamine [66]. Nevertheless, pentadecapeptide BPC
157, that by itself has no effect on behavior (in particular not
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cataleptogenic effect) that would explain the counteracted
amphetamine-effects [66], attenuated the immediate effects
of neuroleptics, especially catalepsy, likely in a non-
competitive way [65]. The evidence encompasses that BPC 157
blocks catalepsy induced by haloperidol and fluphenazine as
well as somatosensory disorientation after sulpiride and
clozapine [65]. This suggests a generalization and that BPC
157 may counteract side effects of different groups of
neuroleptics, typical and atypical. Besides, this beneficial
effect on catalepsy was combined with antagonization of
gastric lesions after haloperidol [64, 65]. These findings
indicate that pentadecapeptide BPC 157 fully interacts with
the dopaminergic system, both centrally and peripherally, or
at least, that BPC 157 interferes with some steps involved in
both catalepsy and/or ulcer formation [64, 65].

INTERACTION WITH PARKINSONGENIC AGENTS:
MPTP AND RESERPINE

BPC 157 at a great extent prevented the development of
catalepsy when administered along with reserpine. Likewise,
even when applied 24h after reserpine, BPC 157 reversed the
established catalepsy. In addition, the mitigation of
reserpine-induced  hypothermia  (pre-treatment)  and
abolishment of further prominent temperature fall (post-
treatment) have been observed. BPC 157 also improved the
MPTP-induced impairment of somatosensory orientation and
decreased  hyperactivity [54]. MPTP-related motor
abnormalities (tremor, akinesia, catalepsy) were also
counteracted and BPC 157 almost completely rescinded
lethal course of MPTP treatment. In addition, it has been
noted that stomach lesions which occur following MPTP
administration were strongly attenuated [54] in a non-
competitive manner [65, 70].

INTERACTIONS WITH DOPAMINERGIC,
SEROTONERGIC, GABAergic AND OPIOD SYSTEMS

It has been proven that BPC 157 may particularly interact
with dopaminergic [54, 65] and serotonergic systems [58-
60], but also may interact with other neuronal systems, such
as GABAergic [61, 62] and opioid [63]. As emphasized, it
may exhibit beneficial effect even after complete dopamine
blockade (reserpine and haloperidol dual treatment) [70].
Thus, BPC 157 may counteract the consequences of
dopamine-related nigrostriatal neuronal damage, dopamine
vesicle depletion, dopamine receptors blockade, and the
consequences of reduced dopaminergic activity [54, 66]. All
these notions suggest a special interaction of gastric peptide
with dopaminergic system and an ability of BPC 157 to
counteract the effect of a noxious agent within the central
dopaminergic system and through dopamine, the interaction
with other systems as well.

BPC 157 may have a particular interaction with
serotonergic system in a similar way like it does with
dopaminergic system [58, 59]. In particular, a specific effect
on serotonergic system and the release of serotonin in
different brain areas was assesed using autoradiography [59].
Even a single dose of BPC 157 significantly reduces the
regional rate of serotonin synthesis in the dorsal thalamus,
hypothalamus, hippocampus, and lateral geniculate body,
while in the substantia nigra reticulate and medial anterior
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olfactory nucleus the synthesis was enhanced (although
expected, no change in the synthesis rate was observed in the
raphe nuclei) [59]. Following 7-day treatment a significant
decrease of serotonin synthesis was demonstrated in the
dorsal raphe nucleus, and an enhancement in the superior
olive, substantia nigra, lateral caudate, and accumbens
nucleus. The mechanism of this action is certainly involved
in a particular anti-depressant activity of BPC 157 [60] and
its counteraction of serotonin-syndrome, symptoms and/or
initiation [58]. BPC 157 diminished or even abolished mild
disturbances in rats underwent pargyline (MAO-A-inhibitor)
(mild hypothermia, feeble hind limbs abduction) and even
severe serotonin syndrome in rats that received both pargyline
and L-tryptophan (serotonin precursor) [58]. Possibly,
beneficial activity of BPC 157 within serotonergic system
may be at least partly related to a rather specific counteraction
of 5-HT2A receptors phenomena [58].

Considering the GABAergic system, combining diazepam
and BPC 157 evidenced lack of tolerance development,
prolonged residual anticonvulsive activity, and postponed
physical dependence/withdrawal hallmark in diazepam
and BPC 157 chronically treated mice [62]. These findings
showed that BPC 157 may improve the effectiveness of
diazepam [62]. Likewise, a direct comparison between the
anxiolytic effects of BPC 157 and diazepam, shock
probe/burying test and light/dark test, fully emphasized that
background [62]. However, several distinctions indicated
that the activity of pentadecapeptide BPC 157 was particular,
and different from diazepam [61]. Thus, these results offer
evidence that BPC 157 acts by favouring the homeostasis of
the GABAergic system, as well as by upregulating the
GABAergic neurotransmission, and having a mechanism(s)
of action, at least in part, different from that implicated in the
development of diazepam tolerance and withdrawal [71, 72].

Using an interaction between dopaminergic and opioid
system, the effect of naloxone and BPC 157 on morphine-
induced antinociceptive action was demonstrated. Both
naloxone and BPC 157 counteracted the morphine-analgesia
[63]. Naloxone immediately antagonized the analgesic action
and the reaction time returned to the basic values, while the
development of BPC 157-induced action required 30
minutes. Although, BPC 157 counteraction was slower than
that of naloxone, it may be seen with very small dose as
well. When haloperidol, a central dopamine-antagonist,
enhanced morphine-analgesia, BPC 157 counteracted this
enhancement and naloxone reestablished the basic values of
pain reaction. Thus, with respect to interaction between
dopaminergic and opioid systems demonstrated in analgesia,
BPC 157 counteracted morphine-analgesia and haloperidol-
induced enhancement of the antinociceptive action of
morphine, indicating that BPC 157 acts mainly through the
central dopaminergic system [63]. Of note, BPC 157, naloxone,
and haloperidol per se failed to exert analgesic action.

BPC 157 IN CORRELATION WITH AMPHETAMINE
AND HALOPERIDOL

First, BPC 157 given prophylactically or therapeutically
attenuated amphetamine-stereotypic behaviour and acoustic
startle response with the reversal of excitability when given
at the time of maximum amphetamine-induced excitability.
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This is interesting since BPC 157 alone does not affect
behaviour or induce stereotypy, and in particular, since BPC
157 almost completely reverses behavioural supersensitivity to
the amphetamine stimulating effect induced by pretreatment
with haloperidol [66]. Further study extends the BPC 157
evidence from a counteraction of an acute effect [66] to the
counteraction of a chronic amphetamine effect [57].
Demonstrated counteracting effect of pentadecapeptide BPC
157 on chronic exposure to amphetamine in rats encompass
particularly the changes commonly referred in chronic
amphetamine studies as tolerance (lesser grade of
stereotyped behavior, without increased excitability) and
reverse tolerance (i.e., prominent stereotyped behavior and
heightened startle response upon late amphetamine challenges).
Therefore, it seems that this gastric pentadecapeptide BPC
157 has a modulatory effect on dopamine system, and it
could be used in both acute and chronic amphetamine
disturbances [57].

BPC 157 IN DEPRESSION

Various antidepressants have antiulcer activity and we
shown that depression disorders could be effectively influenced
by a primary antiulcer agent with a cyto/organoprotective
activity, such as the stomach pentadecapeptide BPC 157
[60]. In the forced swimming test a lowering of the
immobility time in BPC 157 treated rats corresponded to the
activity seen with classical antidepressant drugs such as
imipramine or nialamide, while in chronic unpredictable
stress aggravation of experimental conditions affected the
effects of conventional antidepressant drugs, whereas BPC
157 effectiveness was continuously present. Moreover, a
reduction of the immobility of chronically stressed rats was
observed [60].

BPC 157 INHIBITS BOTH ACUTE ALCOHOL
INTOXICATION AND ALCOHOL WITHDRAWAL
SYMPTOMS

We also demonstrated that BPC 157 could be a particular
antagonist of alcohol-effects [56]. Namely, it may be equally
effective in counteracting both acute and chronic alcohol
intoxication (withdrawal), a particular effect possibly related
to its action on NO-system since when combined with NO-
system related substances (L-NAME and/or L-arginine) its
effect was mostly counteracted [55, 56]. Besides, in favour
of the brain-gut interrelations, alcohol receiving rats treated
with BPC 157 had portal pressure at control levels and liver
and GI disturbances were counteracted [73, 74]. These
results offer promising strategy to treat alcohol intoxication
with BPC 157 as potential alcohol antagonist [55].

BPC 157 INHIBITS THIOPENTAL GENERAL
ANAESTHESIA

BPC 157 causes significant antagonism of general
anaesthesia produced by thiopental with a parallel shift of
the dose-response curve to the right while in combination
with L-NAME thiopental-induced anaesthesia duration was
tripled. We have also shown that thiopental-induced
anaesthesia is simultaneously manipulated in different ways
within NO-system regulation: L-NAME caused prolongation
and BPC 157 shortening/counteraction. BPC 157 and L-
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arginine might possibly influence two alternative NO-system
pathways, which are alternatively activated [75, 76].

THE EFFECTS OF BPC 157
DETERIORATING ACTION

Encephalopathy induced by NSAIDs and the GI and liver
lesions generated are diminished or totally disappeared
following BPC 157 treatment [25-28]. In the study on
paracetamol overdose [27] we revealed a particular aspect of
the sudden onset of encephalopathy not reported until then:
rapidly induced progressive hepatic encephalopathy with
generalized convulsions and the corresponding significant
damage within several brain areas. BPC 157 therapy was
effective against paracetamol toxicity. BPC 157 lessened
liver and brain lesions. Specifically, when given immediately
following paracetamol BPC 157 abolished convulsions
(histological search showed less neuronal damage and
reduced interstitial oedema without inflammatory reaction).
These results offer evidence that BPC 157 may serve as
highly effective paracetamol antidote even against advanced
damaging processes induced by an extreme overdose [27].

This effect [27] might be likely generalized [25, 26].
Namely, animals treated with ibuprofen chronically
evidenced a series of pathologies and BPC 157 reduces
them: hepatomegaly is abolished, liver enzymes increased,
hepatic encephalopathy is counteracted (ischemic neurons
are not present in any brain area), as well as the gastric
lesions [25]. In addition, BPC 157 treated rats maintained
normal weight gain and showed no behavioural disturbances
[25].

ON NSAIDS

Extensive counteraction of diclofenac toxicity (stomach,
intestine, liver, brain lesions) achieved with BPC 157 may be
promising for its further research and a possible use in
therapy [26]. Specifically, brain oedema and cyanosis, with
ischemic and otherwise damaged neurons were diminished
with BPC 157 treatment [26].

ANTAGONIZATION OF INSULIN TOXICITY

We used a consistently higher insulin regimen to avoid
known problems in patients with insulin application
(variations from patient to patient and from time to time in a
given patient) and experimental inconsistency (for instance,
different doses were used to induce stomach ulcer or
hypoglycemic seizures). Thus, the applied insulin-regimen
combines insulin action with gastric ulcer, seizures, severely
damaged neurons in cerebral cortex and hippocampus,
hepatomegaly, fatty liver, breakdown of liver glycogen with
profound hypoglycemia and calcification development, and
BPC 157 counteracted all disturbances. disturbances. BPC
157-treated animals survived, they were mostly without
hypoglycemic seizures, had higher blood glucose levels with
hepatocyte glycogen unchanged. Liver pathology in such
animals was less apparent or even not present, with markedly
less number of damaged neurons and only occasionally small
gastric lesions were seen. In addition, BPC 157 treated rats
had only dot-like calcium deposits, if any. Thus, we suggest
a useful enrolment of BPC 157 as possible antidote in the
control of insulin levels [28].
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BPC 157 IN CUPRIZONE-INDUCED BRAIN DAMAGE

Cuprizone-induced demyelination in animals is accepted
for studying multiple sclerosis-related lesions and is
characterized by degeneration of oligodendrocytes more than
by a direct attack on the myelin sheet (for review see, i.e.,
[22]). BPC 157 successfully counteracts development of
severe encephalopathy and muscle disability induced by
neurotoxin cuprizone even when it was used in an extremely
high regimen that highly exceeds those commonly applied.
We used a simple test to determine animal responsiveness.
Briefly, experimenter lowers the forceps in cylinder in front
of a rat, stimulates its whiskers and slightly touches its chest
while recording and scoring rat's reaction to stimuli. Control
animals rear, raise their both forelimbs and grasp the forceps
nose defensively. Animals affected with cuprizone spare
right forelimb, and thereby react only with one or no
forelimb and have difficulties with maintenance of body
balance while rearing. BPC 157 treated rats do not spare
right forelimb, react simultaneously with both forelimbs,
grasp the forceps, and maintain the body balance while
rearing. As described in details elsewhere [68], we
particularly focused on the nerve damage in cingular gyrus,
parietal neocortex, temporal neocortex, laterodorsal
thalamus, nucleus reuniens, CAl hypocampal region and
found the most prominent damage in laterodorsal thalamus
and nucleus reuniens. With consistently less damage, the
most evident beneficial effect of BPC 157 was seen in
laterodorsal thalamus and nucleus reuniens. Considering the
evidence that multiple sclerosis is characterized by the
progressive damage or the loss of oligodendrocytes and that
this may be closely related to Egr-1 gene [74], a particular
emphasize on the BPC 157 effect should be made. Namely,
in respect with the recent introduction of the agents used in
ulcerative colitis in the therapy of multiple sclerosis (i.e.,
natalizumab), it will be interesting to explore further BPC
157 with respect on its effect on Egr-1 gene and its co-
repressor gene NAB-2 [46].

BPC 157 IN TRAUMATIC NERVE INJURY

Previously it has been shown that BPC 157 has a
beneficial effect on muscle healing [32-35], with the
suggested role in regeneration of the damaged intramuscular
nerve branches [43]. In accordance, we demonstrated that
BPC 157 could also influence the healing of transected
nerve [43]. This particular effect was obtained with both
anastomosed and non-anastomosed nerve. With anastomosed
nerve, the neuroprotection has been studied as indirect (BPC
157 given intragastrically or intraperitoneally) and direct
(BPC 157 applied at the site) effect. In addition, with non-
anastomozed nerve when a 7 mm gap between nerve ends
was made, inserted into the tube alongside with nerve
endings, BPC 157 treatment also stimulated nerve healing,
thereby exhibiting its beneficial activity via direct and
indirect effect [43]. The substantial improvement has
been consistently demonstrated behaviourally but also
microscopically/morphometrically and functionally. The
fascicles in each nerve had enhanced diameter of myelinated
fibres, thickness of myelin sheet, number of myelinated
fibres per area and myelinated fibres and the augmented
number of blood vessels. Using electrophysiological
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methods we found enhanced motor action potentials. Thus,
BPC 157 markedly improved rat sciatic nerve healing [43].

BPC 157 IN TRAUMATIC BRAIN INJURY

It is commonly recognized that brain trauma results in
brain damage and dysfunction from both primary injury (due
to biomechanical effects) and subsequent secondary damage
due to activation of pathophysiologic cascades [68]. Brain-
trauma study demonstrated that BPC 157 may preserve
consciousness and lower brain edema, decrease the number
and size of the hemorrhagic traumatic lacerations, and mitigate
the intensity of subarachnoidal bleeding with significantly
decreased intraventricular hemorrhage, and diminish
mortality [68]. Also in supportive analogy, after contusion,
BPC 157 (given locally or intraperitoneally) improved
crushed muscle healing, with less post-injury haematoma
and edema and a complete restitution of function [32, 33].

BPC 157 IN SPINAL CORD INJURY

Briefly, to verify the influence of BPC 157 on rat spinal
cord injury animals were subjected to surgery: laminectomy
on level L2-L3 followed by 60 second compressions with
neurosurgical piston (60-66 g) on exposed dural sac [69]. A
single BPC 157 application significantly improved tail motor
score and rats had decreased spasticity starting from 4 weeks
to the end of experiment. Histology of spinal cord showed
reduction in grey matter oedema and less cyst and axonal
necrosis in white matter with increased number of all and
specifically small axons. Thus, BPC 157 recovered rat tail
function probably through the abolishment of secondary
injury of the spinal cord, and consequently, improved
neurological function recovery [69].

BPC 157 IN SOMATOSENSORY NEURONAL INJURY

We investigated the possible involvement of sensory
neurons in the salutary actions of BPC 157 using capsaicin
[67]. After neonatal capsaicin treatment complete abolition
of BPC 157 gastroprotection was observed, but the mucosal
protection was fully reversed when BPC 157 was applied for
several days. When the excitatory dose of capsaicin was
administered, the beneficial activity of BPC 157 appears to
increase as well. These results provide evidence for possible
complex synergistic interaction between the effects of BPC
157 and peptidergic sensory afferent neuronal activity [67].
It has to be added that similar BPC 157 beneficial effect was
noted in capsaicin-induced rhinitis in rats [77].

CONCLUDING REMARKS

In theory, as a follow up of the seminal Pavlov, Selye and
his students implications, that various peptides may exert
potent effect on peripheral functions (most notably anti-ulcer
potency) [2-10], the brain-gut axis controls how quickly the
body uses its defensive capabilities, makes responses and
controls how sensitive the body is to other axes activation. In
practice, the therapy realization, as a feedback defensive
response from the periphery (i.e., Gl-tract) (i.e., a peptidergic
agent capable to transmit its huge beneficial potency on
periphery (most notably with strong anti-ulcer effect) on the
central upsetting) is hitherto highly elusive.
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As a peripheral counterpart of brain-gut axis we assumed
Robert’s stomach cytoprotection concept implying maintenance
of GI mucosa as convincing active background for other
beneficial effects. There, as a breakthrough, we revealed
stable gastric pentadecapeptide BPC 157 an endogenous
anti-ulcer peptide, native and stable in human gastric juice,
thought to be novel mediator of Robert’s cytoprotection,
maintaining gastrointestinal mucosa integrity, with no
toxicity being reported that however still did not reach full
clinical application [22, 54-66].

Thereby, it is conceivable for realization of the brain-but
axis and for stable gastric pentadecapeptide BPC 157 that its
strong beneficial background on the periphery implies a
corresponding beneficial central influence [22, 54-66]. Thus,
it seems to us, that the evidence provided in this review
highlights a possibility that this pentadecapeptide given
peripherally likely achieves a corresponding beneficial
central influence that could be effectively used in further
therapy.

We should emphasize that BPC 157 avoids all the
practical pitfalls for healing using peptidergic growth factors
(i.e., standard growth factors rapidly dissolved in human
gastric juice would hardly combine peripheral and central
healing due to the drawback that they are given with carriers
and require special delivery systems, for instance, for skin).
Of note, BPC 157 is always given alone, and thereby may
act directly, always using the same dosage range, and
thereby a suitable therapy and physiology link between the
periphery and central nervous system in terms of practical
resolution of the brain-gut axis concept.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Pavlov, J.P.; Schumowa-Simanowskaja, E.O. Beifrage zur
Physiologie der Absonderungen Die innervation der Magenriisen
beim Hunde. Arch Anat Physiol (Lpz); Physiol, 1895.

[2] Szabo, S.; Glavin, G.B. Hans Selye and the concept of biologic
stress. Ulcer pathogenesis as a historical paradigm. Ann. N. Y.
Acad. Sci., 1990, 597, 14-16. [http://dx.doi.org/10.1111/j.1749-
6632.1990.tb16153.x] [PMID: 2201238]

[3] Taché, Y.; Kolve, E.; Maeda-Hagiwara, M.; Kauffman, G.L., Jr
Central nervous system action of calcitonin to alter experimental
gastric ulcers in rats. Gastroenterology, 1988, 94(1), 145-150.
[http://dx.doi.org/10.1016/0016-5085(88)90622-1] [PMID: 3335286]

[4] Taché, Y. CNS peptides and regulation of gastric acid secretion.
Annu. Rev. Physiol., 1988, 50, 19-39. [http://dx.doi.org/10.1146/
annurev.ph.50.030188.000315] [PMID: 3288091]

[5] Taché, Y.; Ishikawa, T.; Gunion, M.; Raybould, H.E. Central
nervous system action of bombesin to influence gastric secretion
and ulceration. Ann. N. Y. Acad. Sci., 1988, 547, 183-193. [http:/
dx.doi.org/10.1111/.1749-6632.1988.tb23886.x] [PMID: 3071217]

[6] Taché, Y.; Maeda-Hagiwara, M.; Goto, Y.; Garrick, T. Central
nervous system action of TRH to stimulate gastric function and
ulceration. Peptides, 1988, 9(Suppl. 1), 9-13. [http://dx.doi.org/10.
1016/0196-9781(88)90216-1] [PMID: 2856654]

[7] Pappas, T.N.; Welton, M.; Debas, H.T.; Rivier, J.; Taché, Y.
Corticotropin-releasing factor inhibits gastric emptying in dogs:

[10]

[11]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Sikiric et al.

studies on its mechanism of action. Peptides, 1987, 8(6), 1011-
1014. [http://dx.doi.org/10.1016/0196-9781(87)90129-X] [PMID:
3502024]

Gunion, M.W.; Taché, Y. Bombesin microinfusion into the
paraventricular nucleus suppresses gastric acid secretion in the rat.
Brain Res., 1987, 422(1), 118-128. [http://dx.doi.org/10.1016/0006-
8993(87)90546-4] [PMID: 3676774]

Hernandez, D.E. Neuroendocrine mechanisms of stress ulceration:
focus on thyrotropin-releasing hormone (TRH). Life Sci., 1986,
39(4), 279-296. [http://dx.doi.org/10.1016/0024-3205(86)90646-6]
[PMID: 2874463]

Taché, Y.; Kolve, E.; Kauffman, G. Potent CNS action of
calcitonin to inhibit cysteamine-induced duodenal ulcers in rat. Life
Sci., 1987, 41(5), 651-655. [http://dx.doi.org/10.1016/0024-3205
(87)90420-6] [PMID: 3600197]

Grijalva, C.V.; Novin, D. The role of the hypothalamus and dorsal
vagal complex in gastrointestinal function and pathophysiology.
Ann. N. Y. Acad. Sci, 1990, 597, 207-222. [http://dx.doi.org/
10.1111/.1749-6632.1990.tb16169.x] [PMID: 2167033]
Wilhelmsen, I. Brain-gut axis as an example of the bio-psycho-
social model. Gut, 2000, 47(Suppl. 4), iv5-iv7. [http://dx.doi.org/
10.1136/gut.47.suppl_4.iv5] [PMID: 11076893]

Chen, X.; D’Souza, R.; Hong, S.T. The role of gut microbiota in
the gut-brain axis: current challenges and perspectives. Profein
Cell, 2013, 4(6), 403-414. [http://dx.doi.org/10.1007/s13238-013-
3017-x] [PMID: 23686721]

Seiwerth, S.; Brcic, L.; Vuletic, L.B.; Kolenc, D.; Aralica, G.;
Misic, M.; Zenko, A.; Drmic, D.; Rucman, R.; Sikiric, P. BPC 157 and
blood vessels. Curr. Pharm. Des., 2014, 20(7), 1121-1125. [http:/
dx.doi.org/10.2174/13816128113199990421] [PMID: 23782145]
Sikiric, P.; Seiwerth, S.; Rucman, R.; Turkovic, B.; Rokotov, D.S.;
Brcic, L.; Sever, M.; Klicek, R.; Radic, B.; Drmic, D.; Ilic, S.;
Kolenc, D.; Aralica, G.; Stupnisek, M.; Suran, J.; Barisic, L;
Dzidic, S.; Vrcic, H.; Sebecic, B. Stable gastric pentadecapeptide
BPC 157-NO-system relation. Curr. Pharm. Des., 2014, 20(7), 1126~
1135. [http://dx.doi.org/10.2174/13816128113190990411] [PMID:
23755725]

Sikiric, P.; Seiwerth, S.; Rucman, R.; Turkovic, B.; Rokotov, D.S.;
Brcic, L.; Sever, M.; Klicek, R.; Radic, B.; Drmic, D.; Ilic, S.;
Kolenc, D.; Aralica, G.; Safic, H.; Suran, J.; Rak, D.; Dzidic, S.;
Vrcic, H.; Sebecic, B. Toxicity by NSAIDs. Counteraction by
stable gastric pentadecapeptide BPC 157. Curr. Pharm. Des., 2013,
19(1), 76-83. [PMID: 22950504]

Sikiric, P.; Seiwerth, S.; Rucman, R.; Turkovic, B.; Rokotov, D.S.;
Brcic, L.; Sever, M.; Klicek, R.; Radic, B.; Drmic, D.; Ilic, S.;
Kolenc, D.; Stambolija, V.; Zoricic, Z.; Vrcic, H.; Sebecic, B.
Focus on ulcerative colitis: stable gastric pentadecapeptide BPC
157. Curr. Med. Chem., 2012, 19(1), 126-132. [http://dx.doi.org/10.
2174/092986712803414015] [PMID: 22300085]

Sikiric, P.; Seiwerth, S.; Rucman, R.; Turkovic, B.; Rokotov, D.S.;
Brcic, L.; Sever, M.; Klicek, R.; Radic, B.; Drmic, D.; Ilic, S.;
Kolenc, D.; Vrcic, H.; Sebecic, B. Stable gastric pentadecapeptide
BPC 157: novel therapy in gastrointestinal tract. Curr. Pharm.
Des., 2011, 17(16), 1612-1632. [http://dx.doi.org/10.2174/
138161211796196954] [PMID: 21548867]

Sikiric, P.; Seiwerth, S.; Brcic, L.; Sever, M.; Klicek, R.; Radic, B.;
Drmic, D.; Ilic, S.; Kolenc, D. Revised Robert’s cytoprotection and
adaptive cytoprotection and stable gastric pentadecapeptide BPC
157. Possible significance and implications for novel mediator.
Curr. Pharm. Des., 2010, 16(10), 1224-1234. [http://dx.doi.org/10.
2174/138161210790945977] [PMID: 20166993]

Sikiric, P.; Seiwerth, S.; Brcic, L.; Blagaic, A.B.; Zoricic, L.; Sever,
M.; Klicek, R.; Radic, B.; Keller, N.; Sipos, K.; Jakir, A.; Udovicic,
M.; Tonkic, A.; Kokic, N.; Turkovic, B.; Mise, S.; Anic, T. Stable
gastric pentadecapeptide BPC 157 in trials for inflammatory bowel
disease (PL-10, PLD-116, PL 14736, Pliva, Croatia). Full and
distended stomach, and vascular response. Inflammopharmacology,
2006, 14(5-6), 214-221. [http://dx.doi.org/10.1007/s10787-006-
1531-7] [PMID: 17186181]

Sikiri¢, P.; Petek, M.; Rucman, R.; Seiwerth, S.; Grabarevi¢, Z.;
Rotkvi¢, 1.; Turkovi¢, B.; Jagi¢, V.; Mildner, B.; Duvnjak, M. A
new gastric juice peptide, BPC. An overview of the stomach-stress-
organoprotection hypothesis and beneficial effects of BPC. J.
Physiol. Paris, 1993, 87(5), 313-327. [http://dx.doi.org/10.1016/
0928-4257(93)90038-U] [PMID: 8298609]



Brain-gut Axis and Pentadecapeptide BPC 157

[22]

(23]

[27]

[30]

[31]

[32]

Klicek, R.; Kolenc, D.; Suran, J.; Drmic, D.; Brcic, L.; Aralica, G.;
Sever, M.; Holjevac, J.; Radic, B.; Turudic, T.; Kokot, A.; Patrlj,
L.; Rucman, R.; Seiwerth, S.; Sikiric, P. Stable gastric
pentadecapeptide BPC 157 heals cysteamine-colitis and colon-
colon-anastomosis and counteracts cuprizone brain injuries and
motor disability. J. Physiol. Pharmacol., 2013, 64(5), 597-612.
[PMID: 24304574]

Sikiric, P.; Seiwerth, S.; Grabarevic, Z.; Rucman, R.; Petek, M.;
Jagic, V.; Turkovic, B.; Rotkvic, I.; Mise, S.; Zoricic, I.; Konjevoda,
P.; Perovic, D.; Simicevic, V.; Separovic, J.; Hanzevacki, M.;
Ljubanovic, D.; Artukovic, B.; Bratulic, M.; Tisljar, M.; Rekic, B.;
Gjurasin, M.; Miklic, P.; Buljat, G. Pentadecapeptide BPC 157
positively affects both non-steroidal anti-inflammatory agent-
induced gastrointestinal lesions and adjuvant arthritis in rats. J.
Physiol. Paris, 1997, 91(3-5), 113-122. [http://dx.doi.org/10.1016/
S0928-4257(97)89474-0] [PMID: 9403784]

Stupnisek, M.; Franjic, S.; Drmic, D.; Hrelec, M.; Kolenc, D.;
Radic, B.; Bojic, D.; Vcev, A.; Seiwerth, S.; Sikiric, P.
Pentadecapeptide BPC 157 reduces bleeding time and
thrombocytopenia after amputation in rats treated with heparin,
warfarin or aspirin. Thromb. Res., 2012, 129(5), 652-659. [http://
dx.doi.org/10.1016/j.thromres.2011.07.035] [PMID: 21840572]
Ilic, S.; Drmic, D.; Zarkovic, K.; Kolenc, D.; Brcic, L.; Radic, B.;
Djuzel, V.; Blagaic, A.B.; Romic, Z.; Dzidic, S.; Kalogjera, L.;
Seiwerth, S.; Sikiric, P. Ibuprofen hepatic encephalopathy,
hepatomegaly, gastric lesion and gastric pentadecapeptide BPC 157
in rats. Eur. J. Pharmacol., 2011, 667(1-3), 322-329. [http://dx.doi.
org/10.1016/j.ejphar.2011.05.038] [PMID: 21645505]

Ilic, S.; Drmic, D.; Franjic, S.; Kolenc, D.; Coric, M.; Brcic, L.;
Klicek, R.; Radic, B.; Sever, M.; Djuzel, V.; Filipovic, M.;
Djakovic, Z.; Stambolija, V.; Blagaic, A.B.; Zoricic, I.; Gjurasin,
M.; Stupnisek, M.; Romic, Z.; Zarkovic, K.; Dzidic, S.; Seiwerth,
S.; Sikiric, P. Pentadecapeptide BPC 157 and its effects on a
NSAID toxicity model: diclofenac-induced gastrointestinal, liver,
and encephalopathy lesions. Life Sci., 2011, 88(11-12), 535-542.
[http://dx.doi.org/10.1016/j.1fs.2011.01.015] [PMID: 21295044]
Ilic, S.; Drmic, D.; Zarkovic, K.; Kolenc, D.; Coric, M.; Brcic, L.;
Klicek, R.; Radic, B.; Sever, M.; Djuzel, V.; Ivica, M.; Boban
Blagaic, A.; Zoricic, Z.; Anic, T.; Zoricic, 1.; Djidic, S.; Romic, Z.;
Seiwerth, S.; Sikiric, P. High hepatotoxic dose of paracetamol
produces generalized convulsions and brain damage in rats. A
counteraction with the stable gastric pentadecapeptide BPC 157
(PL 14736). J. Physiol. Pharmacol., 2010, 61(2), 241-250. [PMID:
20436226]

Ilic, S.; Breic, 1.; Mester, M.; Filipovic, M.; Sever, M.; Klicek, R.;
Barisic, I.; Radic, B.; Zoricic, Z.; Bilic, V.; Berkopic, L.; Breic, L.;
Kolenc, D.; Romic, Z.; Pazanin, L.; Seiwerth, S.; Sikiric, P. Over-
dose insulin and stable gastric pentadecapeptide BPC 157.
Attenuated gastric ulcers, seizures, brain lesions, hepatomegaly,
fatty liver, breakdown of liver glycogen, profound hypoglycemia
and calcification in rats. J. Physiol. Pharmacol., 2009, 60(Suppl.
7), 107-114. [PMID: 20388953]

Bilic, M.; Bumber, Z.; Blagaic, A.B.; Batelja, L.; Seiwerth, S.;
Sikiric, P. The stable gastric pentadecapeptide BPC 157, given
locally, improves CO2 laser healing in mice. Burns, 2005, 31(3),
310-315. [http://dx.doi.org/10.1016/j.burns.2004.10.013] [PMID:
15774286]

Sikiric, P.; Seiwerth, S.; Mise, S.; Staresinic, M.; Bedekovic, V.;
Zarkovic, N.; Borovic, S.; Gjurasin, M.; Boban-Blagaic, A.;
Batelja, L.; Rucman, R.; Anic, T. Corticosteroid-impairment of
healing and gastric pentadecapeptide BPC-157 creams in burned
mice. Burns, 2003, 29(4), 323-334. [http://dx.doi.org/10.1016/
S0305-4179(03)00004-4] [PMID: 12781609]

Mikus, D.; Sikiric, P.; Seiwerth, S.; Petricevic, A.; Aralica, G.;
Druzijancic, N.; Rucman, R.; Petek, M.; Pigac, B.; Perovic, D.;
Kolombo, M.; Kokic, N.; Mikus, S.; Duplancic, B.; Fattorini, I.;
Turkovic, B.; Rotkvic, I.; Mise, S.; Prkacin, I.; Konjevoda, P.;
Stambuk, N.; Anic, T. Pentadecapeptide BPC 157 cream improves
burn-wound healing and attenuates burn-gastric lesions in mice.
Burns, 2001, 27(8), 817-827. [http://dx.doi.org/10.1016/S0305-
4179(01)00055-9] [PMID: 11718984]

Pevec, D.; Novinscak, T.; Breic, L.; Sipos, K.; Jukic, I.; Staresinic,
M.; Mise, S.; Brcic, 1.; Kolenc, D.; Klicek, R.; Banic, T.; Sever,
M.; Kocijan, A.; Berkopic, L.; Radic, B.; Buljat, G.; Anic, T.;
Zoricic, 1.; Bojanic, I.; Seiwerth, S.; Sikiric, P. Impact of

[33]

[34]

[37]

[38]

[40]

[41]

[42]

[44]

Current Neuropharmacology, 2016, Vol. 14, No. 8 863

pentadecapeptide BPC 157 on muscle healing impaired by systemic
corticosteroid application. Med. Sci. Monit., 2010, 16(3), BR81-
BR&8. [PMID: 20190676]

Novinscak, T.; Breic, L.; Staresinic, M.; Jukic, I.; Radic, B.; Pevec,
D.; Mise, S.; Tomasovic, S.; Brcic, 1.; Banic, T.; Jakir, A.; Buljat,
G.; Anic, T.; Zoricic, I.; Romic, Z.; Seiwerth, S.; Sikiric, P. Gastric
pentadecapeptide BPC 157 as an effective therapy for muscle crush
injury in the rat. Surg. Today, 2008, 38(8), 716-725. [http://dx.
doi.org/10.1007/s00595-007-3706-2] [PMID: 18668315]
Staresinic, M.; Petrovic, I.; Novinscak, T.; Jukic, I.; Pevec, D.;
Suknaic, S.; Kokic, N.; Batelja, L.; Brcic, L.; Boban-Blagaic, A.;
Zoric, Z.; Ivanovic, D.; Ajduk, M.; Sebecic, B.; Patrlj, L.; Sosa, T.;
Buljat, G.; Anic, T.; Seiwerth, S.; Sikiric, P. Effective therapy of
transected quadriceps muscle in rat: Gastric pentadecapeptide BPC
157. J. Orthop. Res., 2006, 24(5), 1109-1117. [http://dx.doi.org/10.
1002/jor.20089] [PMID: 16609979]

Brcic, L.; Brcic, 1.; Staresinic, M.; Novinscak, T.; Sikiric, P.;
Seiwerth, S. Modulatory effect of gastric pentadecapeptide BPC
157 on angiogenesis in muscle and tendon healing. J. Physiol.
Pharmacol., 2009, 60(Suppl. 7), 191-196. [PMID: 20388964]
Krivic, A.; Majerovic, M.; Jelic, I.; Seiwerth, S.; Sikiric, P.
Modulation of early functional recovery of Achilles tendon to bone
unit after transection by BPC 157 and methylprednisolone. Inflamm.
Res., 2008, 57(5), 205-210. [http://dx.doi.org/10.1007/s00011-007-
7056-8] [PMID: 18594781]

Krivic, A.; Anic, T.; Seiwerth, S.; Huljev, D.; Sikiric, P. Achilles
detachment in rat and stable gastric pentadecapeptide BPC 157:
Promoted tendon-to-bone healing and opposed corticosteroid
aggravation. J. Orthop. Res., 2006, 24(5), 982-989. [http://dx.doi.
org/10.1002/jor.20096] [PMID: 16583442]

Staresinic, M.; Sebecic, B.; Patrlj, L.; Jadrijevic, S.; Suknaic, S.;
Perovic, D.; Aralica, G.; Zarkovic, N.; Borovic, S.; Srdjak, M.;
Hajdarevic, K.; Kopljar, M.; Batelja, L.; Boban-Blagaic, A.; Turcic,
I; Anic, T.; Seiwerth, S.; Sikiric, P. Gastric pentadecapeptide BPC
157 accelerates healing of transected rat Achilles tendon and
in vitro stimulates tendocytes growth. J. Orthop. Res., 2003, 21(6),
976-983. [http://dx.doi.org/10.1016/S0736-0266(03)00110-4] [PMID:
14554208

Krivic, A.; Sikiric, P. Comment on “Use of recombinant human
bone morphogenetic protein-2 to enhance tendon healing in a
bone tunnel”. Am. J. Sports Med., 2003, 31(4), 636-637. [PMID:
12860559]

Cerovecki, T.; Bojanic, I.; Brcic, L.; Radic, B.; Vukoja, L;
Seiwerth, S.; Sikiric, P. Pentadecapeptide BPC 157 (PL 14736)
improves ligament healing in the rat. J. Orthop. Res., 2010, 28(9),
1155-1161. [http://dx.doi.org/10.1002/jor.21107] [PMID:
20225319]

Sebeci¢, B.; Nikoli¢, V.; Sikiri¢, P.; Seiwerth, S.; Sosa, T.; Patrlj,
L.; Grabarevi¢, Z.; Rucman, R.; Petek, M.; Konjevoda, P.;
Jadrijevi¢, S.; Perovi¢, D.; Slaj, M. Osteogenic effect of a gastric
pentadecapeptide, BPC-157, on the healing of segmental bone
defect in rabbits: a comparison with bone marrow and autologous
cortical bone implantation. Bone, 1999, 24(3), 195-202.
[http://dx.doi.org/10.1016/S8756-3282(98)00180-X] [PMID:
10071911]

Keremi, B.; Lohinai, Z.; Komora, P.; Duhaj, S.; Borsi, K.; Jobbagy-
Ovari, G.; Kallo, K.; Szekely, A.D.; Fazekas, A.; Dobo-Nagy, C.;
Sikiric, P.; Varga, G. Antiinflammatory effect of BPC 157 on
experimental periodontitis in rats. J. Physiol. Pharmacol., 2009,
60(Suppl. 7), 115-122. [PMID: 20388954]

Gjurasin, M.; Miklic, P.; Zupancic, B.; Perovic, D.; Zarkovic, K.;
Breic, L.; Kolenc, D.; Radic, B.; Seiwerth, S.; Sikiric, P. Peptide
therapy with pentadecapeptide BPC 157 in traumatic nerve injury.
Regul. Pept., 2010, 160(1-3), 33-41. [http://dx.doi.org/10.1016/
j.regpep.2009.11.005] [PMID: 19903499]

Masnec, S.; Kokot, A.; Zlatar, M.; Kalauz, M.; Kunjko, K.; Radic,
B.; Klicek, R.; Drmic, D.; Lazic, R.; Brcic, L.; Radic, R.; Ivekovic,
R.; Seiwerth, S.; Sikiric, P. Perforating corneal injury in rat and
pentadecapeptide BPC 157. Exp. Eye Res., 2015, 136, 9-15.
[http://dx.doi.org/10.1016/j.exer.2015.04.016] [PMID: 25912999]
Chang, C.H.; Tsai, W.C.; Hsu, Y.H.; Pang, J.H. Pentadecapeptide
BPC 157 enhances the growth hormone receptor expression in
tendon fibroblasts. Molecules, 2014, 19(11), 19066-19077. [http:/
dx.doi.org/10.3390/molecules191119066] [PMID: 25415472]



864 Current Neuropharmacology, 2016, Vol. 14, No. 8

[46]

[47]

[48]

[49]

[51]

[52]

[53]

[57]

Chang, C.H.; Tsai, W.C.; Lin, M.S.; Hsu, Y.H.; Pang, J.H. The
promoting effect of pentadecapeptide BPC 157 on tendon healing
involves tendon outgrowth, cell survival, and cell migration. J.
Appl. Physiol., 2011, 110(3), 774-780. [http://dx.doi.org/10.1152/
japplphysiol.00945.2010] [PMID: 21030672]

Tkalcevi¢, V.I; Cuzi¢, S.; Brajsa, K.; Mildner, B.; Bokuli¢, A.;
Situm, K.; Perovi¢, D.; Glojnari¢, 1.; Parnham, M.J. Enhancement
by PL 14736 of granulation and collagen organization in healing
wounds and the potential role of egr-1 expression. Eur. J.
Pharmacol., 2007, 570(1-3), 212-221. [http://dx.doi.org/10.1016/
j.ejphar.2007.05.072] [PMID: 17628536]

Stupnisek, M.; Kokot, A.; Drmic, D.; Hrelec Patrlj, M.; Zenko
Sever, A.; Kolenc, D.; Radic, B.; Suran, J.; Bojic, D.; Vcev, A
Seiwerth, S.; Sikiric, P. Pentadecapeptidle BPC 157 Reduces
Bleeding and Thrombocytopenia after Amputation in Rats Treated
with Heparin, Warfarin, L-NAME and L-Arginine. PLoS One,
2015, 10(4), e0123454. [http://dx.doi.org/10.1371/journal.pone.
0123454] [PMID: 25897838]

Vukojevic, J.; Siroglavic, M.; Kasnik, K.; Kralj, T. The effect
of pentadecapeptide BPC 157 on sytemic circulation and
thrombogenesis after ligation of vena cava inferior. FASEB J,
2015, 29, 941-6.

Duplancic, B.; Stambolija, V.; Holjevac, J.; Zemba, M.; Balenovic,
I.; Drmic, D.; Suran, J.; Radic, B.; Filipovic, M.; Blagaic, A.B.;
Brcic, L.; Kolenc, D.; Grabarevic, Z.; Seiwerth, S.; Sikiric, P.
Pentadecapeptide BPC 157 and anaphylactoid reaction in rats
and mice after intravenous dextran and white egg administration.
Eur. J. Pharmacol., 2014, 727, 75-79. [http://dx.doi.org/10.1016/
j.ejphar.2014.01.046] [PMID: 24486708]

Lovric-Bencic, M.; Sikiric, P.; Hanzevacki, J.S.; Seiwerth, S.;
Rogic, D.; Kusec, V.; Aralica, G.; Konjevoda, P.; Batelja, L.;
Blagaic, A.B. Doxorubicine-congestive heart failure-increased big
endothelin-1 plasma concentration: reversal by amlodipine,
losartan, and gastric pentadecapeptide BPC157 in rat and mouse. J.
Pharmacol. Sci., 2004, 95(1), 19-26. [http://dx.doi.org/10.1254/
jphs.95.19] [PMID: 15153646]

Balenovic, D.; Bencic, M.L.; Udovicic, M.; Simonji, K.
Hanzevacki, J.S.; Barisic, I.; Kranjcevic, S.; Prkacin, I.; Coric, V.;
Brcic, L.; Coric, M.; Brcic, 1.; Borovic, S.; Radic, B.; Drmic, D.;
Vreic, H.; Seiwerth, S.; Sikiric, P. Inhibition of methyldigoxin-
induced arrhythmias by pentadecapeptide BPC 157: a relation with
NO-system. Regul. Pept., 2009, 156(1-3), 83-89. [http://dx.doi.org/
10.1016/j.regpep.2009.05.008] [PMID: 19465062]

Barisic, I.; Balenovic, D.; Klicek, R.; Radic, B.; Nikitovic, B.;
Drmic, D.; Udovicic, M.; Strinic, D.; Bardak, D.; Berkopic, L.;
Djuzel, V.; Sever, M.; Cvjetko, I.; Romic, Z.; Sindic, A.; Bencic, M.L.;
Seiwerth, S.; Sikiric, P. Mortal hyperkalemia disturbances in rats
are NO-system related. The life saving effect of pentadecapeptide
BPC 157. Regul. Pept., 2013, 181, 50-66. [http://dx.doi.org/10.
1016/j.regpep.2012.12.007] [PMID: 23327997]

Sikiric, P.; Marovic, A.; Matoz, W.; Anic, T.; Buljat, G.; Mikus,
D.; Stancic-Rokotov, D.; Separovic, J.; Seiwerth, S.; Grabarevic,
Z.; Rucman, R.; Petek, M.; Ziger, T.; Sebecic, B.; Zoricic, 1;
Turkovic, B.; Aralica, G.; Perovic, D.; Duplancic, B.; Lovric-
Bencic, M.; Rotkvic, I.; Mise, S.; Jagic, V.; Hahn, V. A
behavioural study of the effect of pentadecapeptide BPC 157 in
Parkinson’s disease models in mice and gastric lesions induced by
1-methyl-4-phenyl-1,2,3,6-tetrahydrophyridine. J. Physiol. Paris,
1999, 93(6), 505-512. [http://dx.doi.org/10.1016/S0928-4257(99)
00119-9] [PMID: 10672997]

Boban-Blagaic, A.; Blagaic, V.; Romic, Z.; Jelovac, N.; Dodig, G.;
Rucman, R.; Petek, M.; Turkovic, B.; Seiwerth, S.; Sikiric, P. The
influence of gastric pentadecapeptide BPC 157 on acute and
chronic ethanol administration in mice. The effect of N(G)-nitro-L-
arginine methyl ester and L-arginine. Med. Sci. Monit., 2006, 12(1),
BR36-BR45. [PMID: 16369461]

Blagaic, A.B.; Blagaic, V.; Romic, Z.; Sikiric, P. The influence of
gastric pentadecapeptide BPC 157 on acute and chronic ethanol
administration in mice. Eur. J. Pharmacol., 2004, 499(3), 285-290.
[http://dx.doi.org/10.1016/j.ejphar.2004.07.112] [PMID: 15381050]
Sikiric, P.; Jelovac, N.; Jelovac-Gjeldum, A.; Dodig, G.; Staresinic,
M.; Anic, T.; Zoricic, L.; Rak, D.; Perovic, D.; Aralica, G.; Buljat,
G.; Prkacin, I.; Lovric-Bencic, M.; Separovic, J.; Seiwerth, S.;
Rucman, R.; Petek, M.; Turkovic, B.; Ziger, T.; Boban-Blagaic, A.;
Bedekovic, V.; Tonkic, A.; Babic, S. Pentadecapeptide BPC 157

[60]

[62]

[63]

[64]

[66]

[67]

Sikiric et al.

attenuates chronic amphetamine-induced behavior disturbances.
Acta Pharmacol. Sin., 2002, 23(5), 412-422. [PMID: 11978191]
Boban Blagaic, A.; Blagaic, V.; Mirt, M.; Jelovac, N.; Dodig, G.;
Rucman, R.; Petek, M.; Turkovic, B.; Anic, T.; Dubovecak, M.;
Staresinic, M.; Seiwerth, S.; Sikiric, P. Gastric pentadecapeptide
BPC 157 effective against serotonin syndrome in rats. Eur. J.
Pharmacol., 2005, 512(2-3), 173-179. [http://dx.doi.org/10.1016/
j-ejphar.2005.02.033] [PMID: 15840402]

Tohyama, Y.; Sikiri¢, P.; Diksic, M. Effects of pentadecapeptide
BPC157 on regional serotonin synthesis in the rat brain: alpha-
methyl-L-tryptophan autoradiographic measurements. Life Sci.,
2004, 76(3), 345-357. [http://dx.doi.org/10.1016/j.1f5.2004.08.010]
[PMID: 15531385]

Sikiric, P.; Separovic, J.; Buljat, G.; Anic, T.; Stancic-Rokotov, D.;
Mikus, D.; Marovic, A.; Prkacin, I.; Duplancic, B.; Zoricic, L.;
Aralica, G.; Lovric-Bencic, M.; Ziger, T.; Perovic, D.; Rotkvic, 1;
Mise, S.; Hanzevacki, M.; Hahn, V.; Seiwerth, S.; Turkovic, B.;
Grabarevic, Z.; Petek, M.; Rucman, R. The antidepressant effect of
an antiulcer pentadecapeptide BPC 157 in Porsolt’s test and
chronic unpredictable stress in rats. A comparison with anti-
depressants. J. Physiol. Paris, 2000, 94(2), 99-104. [http://dx.
doi.org/10.1016/S0928-4257(00)00148-0] [PMID: 10791689]
Sikiric, P.; Jelovac, N.; Jelovac-Gjeldum, A.; Dodig, G.; Staresinic,
M.; Anic, T.; Zoricic, I.; Ferovic, D.; Aralica, G.; Buljat, G.;
Prkacin, I.; Lovric-Bencic, M.; Separovic, J.; Seiwerth, S.;
Rucman, R.; Petek, M.; Turkovic, B.; Ziger, T. Anxiolytic effect of
BPC-157, a gastric pentadecapeptide: shock probe/burying test and
light/dark test. Acta Pharmacol. Sin., 2001, 22(3), 225-230. [PMID:
11742568]

Jelovac, N.; Sikiric, P.; Rucman, R.; Petek, M.; Perovic, D.;
Marovic, A.; Anic, T.; Seiwerth, S.; Mise, S.; Pigac, B.; Duplancie,
B.; Turkovic, B.; Dodig, G.; Prkacin, I.; Stancic-Rokotov, D.;
Zoricic, L.; Aralica, G.; Sebecic, B.; Ziger, T.; Slobodnjak, Z. The
effect of a novel pentadecapeptide BPC 157 on development of
tolerance and physical dependence following repeated administration
of diazepam. Chin. J. Physiol, 1999, 42(3), 171-179. [PMID:
10707891]

Boban Blagaic, A.; Turcic, P.; Blagaic, V.; Dubovecak, M.;
Jelovac, N.; Zemba, M.; Radic, B.; Becejac, T.; Stancic Rokotov,
D.; Sikiric, P. Gastric pentadecapeptide BPC 157 counteracts
morphine-induced analgesia in mice. J. Physiol. Pharmacol., 2009,
60(Suppl. 7), 177-181. [PMID: 20388962]

Bilic, I.; Zoricic, 1.; Anic, T.; Separovic, J.; Stancic-Rokotov, D.;
Mikus, D.; Buljat, G.; Ivankovic, D.; Aralica, G.; Prkacin, I;
Perovic, D.; Mise, S.; Rotkvic, I.; Petek, M.; Rucman, R.; Seiwerth,
S.; Sikiric, P. Haloperidol-stomach lesions attenuation by
pentadecapeptide BPC 157, omeprazole, bromocriptine, but not
atropine, lansoprazole, pantoprazole, ranitidine, cimetidine and
misoprostol in mice. Life Sci., 2001, 68(16), 1905-1912. [http://dx.
doi.org/10.1016/S0024-3205(00)01025-0] [PMID: 11292068]
Jelovac, N.; Sikiric, P.; Rucman, R.; Petek, M.; Marovic, A.;
Perovic, D.; Seiwerth, S.; Mise, S.; Turkovic, B.; Dodig, G.;
Miklic, P.; Buljat, G.; Prkacin, I. Pentadecapeptide BPC 157
attenuates disturbances induced by neuroleptics: the effect on
catalepsy and gastric ulcers in mice and rats. Eur. J. Pharmacol.,
1999, 379(1), 19-31. [http://dx.doi.org/10.1016/S0014-2999(99)
00486-0] [PMID: 10499368]

Jelovac, N.; Sikiri¢, P.; Rucman, R.; Petek, M.; Perovi¢, D.;
Konjevoda, P.; Marovi¢, A.; Seiwerth, S.; Grabarevi¢, Z.;
Sumajstorci¢, J.; Dodig, G.; Peri¢, J. A novel pentadecapeptide,
BPC 157, blocks the stereotypy produced acutely by amphetamine
and the development of haloperidol-induced supersensitivity to
amphetamine. Biol. Psychiatry, 1998, 43(7), 511-519. [http://dx.
doi.org/10.1016/S0006-3223(97)00277-1] [PMID: 9547930]
Sikiri¢, P.; Seiwerth, S.; Grabarevi¢, Z.; Rucman, R.; Petek, M.;
Jagi¢, V.; Turkovié, B.; Rotkvi¢, 1.; Mise, S.; Zorici¢, 1.; Gjurasin,
M.; Konjevoda, P.; Separovi¢, J.; Ljubanovi¢, D.; Artukovié, B.;
Bratuli¢, M.; Tisljar, M.; Jurina, L.; Buljat, G.; Mikli¢, P.; Marovi¢,
A. Beneficial effect of a novel pentadecapeptide BPC 157 on
gastric lesions induced by restraint stress, ethanol, indomethacin,
and capsaicin neurotoxicity. Dig. Dis. Sci., 1996, 41(8), 1604-1614.
[http://dx.doi.org/10.1007/BF02087908] [PMID: 8769287]

Tudor, M.; Jandric, 1.; Marovic, A.; Gjurasin, M.; Perovic, D.;
Radic, B.; Blagaic, A.B.; Kolenc, D.; Brcic, L.; Zarkovic, K;
Seiwerth, S.; Sikiric, P. Traumatic brain injury in mice and



Brain-gut Axis and Pentadecapeptide BPC 157

[71]

[72]

(73]

pentadecapeptide BPC 157 effect. Regul. Pept., 2010, 160(1-3), 26-32.
[http://dx.doi.org/10.1016/j.regpep.2009.11.012] [PMID: 19931318]
Perovic, D.; Buljat, G.; Kolenc, D.; Drmic, D.; Seiwerth, S.;
Sikiric, P. Spinal Cord Injury in Rat — Therapeutic Effect of
Pentadecapeptide BPC 157. FASEB J., 2015, 29, 617-5.

Sikiric, P.; Separovic, J.; Buljat, G.; Anic, T.; Stancic-Rokotov, D.;
Mikus, D.; Duplancic, B.; Marovic, A.; Zoricic, 1.; Prkacin, L;
Lovric-Bencic, M.; Aralica, G.; Ziger, T.; Perovic, D.; Jelovac, N.;
Dodig, G.; Rotkvic, I.; Mise, S.; Seiwerth, S.; Turkovic, B.;
Grabarevic, Z.; Petek, M.; Rucman, R. Gastric mucosal lesions
induced by complete dopamine system failure in rats. The effects
of dopamine agents, ranitidine, atropine, omeprazole and
pentadecapeptide BPC 157. J. Physiol. Paris, 2000, 94(2), 105-
110. [http://dx.doi.org/10.1016/S0928-4257(00)00147-9] [PMID:
10791690]

Jembrek, M.J.; Vlainic, J. GABA Receptors: Pharmacological
Potential and Pitfalls. Curr. Pharm. Des., 2015, 21(34), 4943-4959.
[http://dx.doi.org/10.2174/1381612821666150914121624] [PMID:
26365137]

Perici¢, D.; Strac, D.S.; Jembrek, M.J.; Vlaini¢, J. Allosteric
uncoupling and up-regulation of benzodiazepine and GABA
recognition sites following chronic diazepam treatment of HEK
293 cells stably transfected with alphalbeta2gamma2S subunits of
GABA (A) receptors. Naunyn Schmiedebergs Arch. Pharmacol.,
2007, 375(3), 177-187. [http://dx.doi.org/10.1007/s00210-007-
0152-z] [PMID: 17377772]

Prkacin, I.; Aralica, G.; Perovic, D.; Separovic, J.; Gjurasin, M.;
Lovric-Bencic, M.; Stancic-Rokotov, D.; Ziger, T.; Anic, T.;
Sikiric, P.; Seiwerth, S.; Staresinic, M.; Mise, S.; Rotkvic, I.; Jagic,
V.; Rucman, R.; Petek, M.; Turkovic, B.; Marovic, A.; Sjekavica,
I.; Sebecic, B.; Boban-Blagaic, A.; Ivasovic, Z. Chronic
cytoprotection: pentadecapeptide BPC 157, ranitidine and

[74]

[75]

[76]

[77]

Current Neuropharmacology, 2016, Vol. 14, No. 8 865

propranolol prevent, attenuate and reverse the gastric lesions
appearance in chronic alcohol drinking rats. J. Physiol. Paris, 2001,
95(1-6), 295-301. [http://dx.doi.org/10.1016/S0928-4257(01)00041-
9] [PMID: 11595453]

Prkacin, I.; Separovic, J.; Aralicia, G.; Perovic, D.; Gjurasin, M.;
Lovric-Bencic, M.; Stancic-Rokotov, D.; Staresinic, M.; Anic, T.;
Mikus, D.; Sikiric, P.; Seiwerth, S.; Mise, S.; Rotkvic, 1.; Jagic, V.;
Rucman, R.; Petek, M.; Turkovic, B.; Marovic, A.; Sebecic, B.;
Boban-Blagaic, A.; Kokic, N. Portal hypertension and liver lesions
in chronically alcohol drinking rats prevented and reversed by
stable gastric pentadecapeptide BPC 157 (PL-10, PLD-116), and
propranolol, but not ranitidine. J. Physiol. Paris, 2001, 95(1-6), 315-
324. [http://dx.doi.org/10.1016/S0928-4257(01)00044-4] [PMID:
11595456]

Zemba, M.; Zemba Cilic, A.; Balenovic, I.; Cilic, M.; Radic, B.;
Suran, J.; Drmic, I.; Stambolija, V.; Murselovic, T.; Katancic
Holjevac, J.; Uzun, S.; Djuzel, V.; Seiwerth, S.; Sikiric, P. BPC
157 antagonized the general anesthetic potency of thiopental and
reduced prolongation of anesthesia time induced by L-NAME/
thiopental combination. FASEB J., 2014, 28, 1061-3.

Zemba, M.; Cilic, A.Z.; Balenovic, 1.; Cilic, M.; Radic, B.; Suran,
J.; Drmic, D.; Kokot, A.; Stambolija, V.; Murselovic, T.; Holjevac,
JK.; Uzun, S.; Djuzel, V.; Vlainic, J.; Seiwerth, S.; Sikiric, P. BPC
157 antagonized the general anaesthetic potency of thiopental and
reduced prolongation of anaesthesia induced by L-NAME/
thiopental combination. Inflammopharmacology, 2015, 23(6), 329-336.
[http://dx.doi.org/10.1007/s10787-015-0249-9] [PMID: 26563892]

Kalogjera, L.; Ries, M.; Baudoin, T.; Ferencic, Z.; Trotic, R.; Pegan,
B. Dose-dependent protective effect of BPC 157 on capsaicin-
induced rhinitis in rats. Eur. Arch. Otorhinolaryngol., 1997, 254
(Suppl. 1), S9-S11. [http://dx.doi.org/10.1007/BF02439711] [PMID:
9065615]



	Brain-gut Axis and Pentadecapeptide BPC 157: Theoretical and PracticalImplications
	Abstract
	Keywords
	INTRODUCTION
	POSSIBILITY FOR PRACTICAL REALIZATION OFTHE BRAIN-GUT AXIS IN THERAPY
	BPC 157 IN PERIPHERY-BIOLOGICAL ACTIONSAND SIGNIFICANCE FOR CENTRAL EFFECTS
	COUNTERACTION OF CATALEPSY AND AKINESIA
	INTERACTION WITH NEUROLEPTICS
	INTERACTION WITH PARKINSONGENIC AGENTS:MPTP AND RESERPINE
	INTERACTIONS WITH DOPAMINERGIC,SEROTONERGIC, GABAergic AND OPIOD SYSTEMS
	BPC 157 IN CORRELATION WITH AMPHETAMINEAND HALOPERIDOL
	BPC 157 IN DEPRESSION
	BPC 157 INHIBITS THIOPENTAL GENERALANAESTHESIA
	BPC 157 IN TRAUMATIC NERVE INJURY
	CONCLUDING REMARKS
	REFERENCES



