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A B S T R A C T

Recently, stable gastric pentadecapeptide BPC 157 reversed the high MDA- and NO-tissue values to the healthy
levels. Thereby, BPC 157 therapy cured rats with bile duct ligation (BDL) (sacrifice at 2, 4, 6, 8 week). BPC 157-
medication (10 μg/kg, 10 ng/kg) was continuously in drinking water (0.16 μg/ml, 0.16 ng/ml, 12ml/rat/day)
since awakening from surgery, or since week 4. Intraperitoneal administration was first at 30min post-ligation,
last at 24 h before sacrifice. Local bath BPC 157 (10 µg/kg) with assessed immediate normalization of portal
hypertension was given immediately after establishing portal hypertension values at 4, 6, 8 week. BPC 157
therapy markedly abated jaundice, snout, ears, paws, and yellow abdominal tegmentum in controls since 4th
week, ascites, nodular, steatotic liver with large dilatation of main bile duct, increased liver and/or cyst weight,
decreased body weight. BPC 157 counteracts the piecemeal necrosis, focal lytic necrosis, apoptosis and focal
inflammation, disturbed cell proliferation (Ki-67-staining), cytoskeletal structure in the hepatic stellate cell (α-
SMA staining), collagen presentation (Mallory staining). Likewise, counteraction includes increased AST, ALT,
GGT, ALP, total bilirubin, direct and indirect and decreased albumin serum levels. As the end-result appear
normalized MDA- and NO-tissue values, next to Western blot of NOS2 and NOS3 in the liver tissue, and de-
creased IL-6, TNF-α, IL-1β levels in liver tissue. Finally, although portal hypertension is sustained in BDL-rats,
with BPC 157 therapy, portal hypertension in BDL-rats is either not even developed or rapidly abated, depending
on the given BPC 157's regimen. Thus, BPC 157 may counteract liver fibrosis and portal hypertension.

1. Introduction

We attempt to introduce the stable gastric pentadecapeptide BPC
157 (for review see, i.e., (Sikiric et al., 2010, 2011, 2012, 2013, 2014,
2017, 2018; Seiwerth et al., 2018; Kang et al., 2018)) in the therapy of
the rats with bile duct ligation (BDL). Commonly, BDL in rats induces
portal fibrosis (Bataller and Brenner, 2005). This process has been
linked to changes in the oxidative state of the hepatic cells and in the
production of nitric oxide (Singh et al., 1992; Vázquez-Gil et al., 2004).
By contrast, when given after the agents (cyclophosphamide, neuro-
leptics) (Belosic Halle et al., 2017; Luetic et al., 2017) or noxious pro-
cedure(i.e., the ischemic/reperfusion colitis (Duzel et al., 2017) or in-
frarenal occlusion of inferior caval vein (Vukojević et al., 2018)),
otherwise leading to the NO excessive release and free radicals

formation (Belosic Halle et al., 2017; Luetic et al., 2017; Duzel et al.,
2017; Vukojević et al., 2018), stable gastric pentadecapeptide BPC 157
strongly reverses their high MDA- and NO-tissue values to the healthy
levels (Belosic Halle et al., 2017; Luetic et al., 2017; Duzel et al., 2017;
Vukojević et al., 2018).

With this effect, gastric pentadecapeptide BPC 157 could be quite
interesting (for review see, i.e., (Sikiric et al., 2010, 2011, 2012, 2013,
2014, 2017, 2018; Seiwerth et al., 2018; Kang et al., 2018)). BPC 157
was used in ulcerative colitis clinical trial and now in multiple sclerosis,
LD1 not achieved, thought to be novel mediator of Robert's cytopro-
tection, stable in human gastric juice, maintaining gastrointestinal
mucosal integrity (for review see, i.e., (Sikiric et al., 2010, 2011, 2012,
2013, 2014, 2017, 2018; Seiwerth et al., 2018; Kang et al., 2018)). BPC
157 counteracts gastric and duodenal lesions, largely interacting with
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the NO-system, in various models and species (for review see, i.e.,
(Sikiric et al., 2010, 2011, 2012, 2013, 2014, 2017, 2018; Seiwerth
et al., 2018; Kang et al., 2018). Such particular BPC 157's beneficial
effect was useful also in liver injury repair and tissue remodeling (Ilic
et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic et al., 2017;
Sikiric et al., 1993; Prkacin et al., 2001b), including portal hypertension
in chronically alcohol drinking rats (Prkacin et al., 2001b).

Specifically, until now, BPC 157 as a liver therapy counteracted all
of the injurious liver events after different noxious agents or proce-
dures. BPC 157 counteracted insulin-overdose adverse effects such as
hepatomegaly, fatty liver, increased AST, ALT and amylase serum va-
lues, the breakdown of liver glycogen) (Ilic et al., 2009). BPC 157
neutralized also adverse effects of paracetamol-over-dose (hepatome-
galy, fatty liver and necrosis and pronounced elevation of liver enzymes
and hyperammonemia) (Ilic et al., 2010). Counteracted were also other
NSAIDs-liver lesions i.e., diclofenac (pronounced parenchymal ne-
crosis) (Ilic et al., 2011a; Lojo et al., 2016), ibuprofen (hepatomegaly)
(Ilic et al., 2011b), celecoxib (steatosis, congestion, necrosis) (Drmic
et al., 2017) suggesting a more general antidotal effect against NSAIDs-
toxicity (Sikiric et al., 2013). Previously, BPC 157 administered either
intragastrically or intraperitoneally, significantly prevented the devel-
opment of liver necrosis or fatty changes in rats subjected to 24 h bile
duct + hepatic artery ligation, 48 h-restraint stress, CCl4 treatment
(1 ml/kg i.p., sacrifice 48 h thereafter) (Sikiric et al., 1993). Subse-
quently, liver lesions and portal hypertension in rats, following chronic
alcohol administration (7.28 g/kg b.w. of alcohol given in drinking
water for 3 months) were counteracted (Prkacin et al., 2001b). Both
prophylactic and therapeutic effects were shown (Prkacin et al.,
2001b).

Likewise, BPC 157 healing was so far implemented to interact with
several molecular pathways (Hsieh et al., 2017; Huang et al., 2015;
Chang et al., 2011, 2014; Tkalcević et al., 2007; Vukojević et al., 2018;
Kang et al., 2018). Illustratively, along with the counteracted tumor
cachexia (Kang et al., 2018), muscle wasting and changes in the ex-
pression of FoxO3a, p-AKT, p-mTOR, and P-GSK-3β, BPC 157 coun-
teracted increase of proinflammatory cytokines such as IL-6, TNF-α
(Kang et al., 2018).

Thereby, BPC 157 administration counteracts the various liver le-
sions (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic
et al., 2017; Sikiric et al., 1993; Prkacin et al., 2001b), including portal
hypertension in chronically alcohol drinking rats (Prkacin et al.,
2001b). This evidence (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo et al.,
2016; Drmic et al., 2017; Sikiric et al., 1993; Prkacin et al., 2001b),
including portal hypertension in chronically alcohol drinking rats
(Prkacin et al., 2001b) might indicate a particular beneficial liability to
cure the liver lesions till the last stage. Therefore, besides a prominent
rapid beneficial effect (decrease of the raised portal pressure) (Ilic et al.,
2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic et al., 2017; Sikiric
et al., 1993; Prkacin et al., 2001b), an alike long term beneficial effect
of pentadecapeptide BPC 157 would appear in rats with BDL. To il-
lustrate the improved BDL-syndrome with BPC 157 therapy, gross,
clinical improvement will be documented with i.e., decreased ob-
structive jaundice, alleviated body weight gain, liver weight not in-
creased, and eliminated ascites. Likely, microscopy presentation will be
documented by the smaller intensity of architectural changes (fibrosis
and cirrhosis); lower necroinflammatory score; smaller alpha-smooth
muscle actin (α-SMA) distribution; and smaller Ki-67 distribution.
Smaller serum enzymes and bilirubin values preserved albumin serum
values will likely appear. Portal pressure will be counteracted, and fi-
nally, normalized MDA- and NO-levels will appear in the liver, next to
Western blot of NOS2 and NOS3 in the liver tissue, and decreased IL-6,
TNF-α, IL-1β levels in liver tissues.

2. Materials and methods

2.1. Drugs

Pentadecapeptide BPC 157 (GEPPPGKPADDAGLV, M.W. 1419),
(Diagen, Ljubljana, Slovenia) dissolved in saline, was used in all ex-
periments. The peptide BPC 157 is part of the sequence of human
gastric juice protein BPC and is freely soluble in water at pH 7.0 and
saline. It was prepared as described previously with 99% high pressure
liquid chromatography (HPLC) purity, expressing 1-des-Gly peptide as
an impurity (for review see, i.e., (Sikiric et al., 2010, 2011, 2012, 2013,
2014, 2017, 2018; Seiwerth et al., 2018; Kang et al., 2018)).

2.2. Animals

Male Albino Wistar rats 180–200 g weight, randomly assigned were
used in all of the experiments, 6 rats/group/interval, approved by local
Ethic Committee.

2.3. Procedure

In general anesthesia (thiopental (Rotexmedica, Germany) 40mg/
kg ip, diazepam (Krka, Slovenia) 10mg/kg ip), after standard surgical
preparation of the operative field, median laparotomy was performed
and main bile duct was ligated, and rats were killed at 2, 4, 6 and 8
week after bile duct ligation.

2.4. Experimental protocol

As described before (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo
et al., 2016; Drmic et al., 2017; Sikiric et al., 1993; Prkacin et al.,
2001b), the therapy started soon after bile duct ligation (prophylactic
regimen) or quite later (delayed regimen). Prophylactic regimen. Rats
received immediately after end of anesthesia BPC 157 per-orally, in
drinking water (10 µg/kg, 10 ng/kg, i.e., 0.16 µg/ml, 0.16 ng/ml,
12ml/rat/day) till sacrifice, or alternatively, 10 µg/kg, 10 ng/kg in-
traperitoneally, first application at 30min after surgery, last at 24 h
before sacrifice. Delayed regimen. Alternatively, with delayed therapy
initiation, the therapy BPC 157 per-orally, in drinking water (10 µg/kg,
0.16 µg/ml, 12ml/rat/day) was initiated at the end of the week 4.
Controls received simultaneously drinking water (12ml/rat/day) or an
equal volume of saline (5ml/kg) intraperitoneally. In the experiments
specifically intended to evaluate the immediate effect on portal pres-
sure, a local bath (5ml/kg) of saline or BPC 157 10 µg/kg, was given
immediately after establishing portal hypertension values at 2nd, 4th,
6th, or 8th week.

2.5. Liver assays

2.5.1. Bilirubin and enzyme activity
To determine the serum values of aspartate transaminase (AST),

alanine transaminase (ALT), gamma-glutamyl transferase (GGT), alka-
line phosphatase (ALP) (IU/l) and total bilirubin, direct and indirect,
(μmol/l), albumin serum, at 2nd, 4th, 6th, 8th week, blood samples
were obtained immediately after sacrifice and were centrifuged at
1370 g for 15min. All tests were measured using an Olympus AU2700
analyzer with original test reagents (Olympus Diagnostica, Lismeehan,
Ireland) (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic
et al., 2017; Sikiric et al., 1993; Prkacin et al., 2001b).

2.5.2. Portal pressure recording
In deeply anesthetized rats, blood pressure recordings (Vukojević

et al., 2018) were obtained over 20min using a cannula (BD Neoflon™
Cannula) (assessed in one minute intervals) that was connected to a
pressure transducer (78534C MONITOR/TERMINAL Hewlett Packard)
and was inserted in a portal vein. The assessment (mmHg) was
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performed over the last 20min of the 2 week-, 4 week-, 6 week-, 8
week-ligation-time (prophylactic regimen) or throughout the 5min and
then the following 20min after medication at 2 week-, 4 week-, 6
week-, 8 week-ligation-time (delayed regimen).

2.5.3. Gross assessment
Animals were weighed before ligation protocol and weighed daily

and before sacrifice at 2nd, 4th, 6th, and 8th week. After sacrifice,
jaundice (assessed to be present or not) and livers were photographed
by a camera (Olympus Stylus 300 digital), liver removed and weighed.
After sacrifice, liver weight (with and without bile filled within the bile
duct) were measured. The absolute and relative liver weight was as-
sessed (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic
et al., 2017; Sikiric et al., 1993; Prkacin et al., 2001b) (data for absolute
liver weight were specifically shown). Ascites was assessed to be pre-
sent or not.

2.5.4. Microscopy assessment
Immediately after the sacrifice at 2nd, 4th, 6th and 8th week, tissue

samples of the liver parenchyma were taken, fixed in formalin (Ilic
et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic et al., 2017;
Sikiric et al., 1993; Prkacin et al., 2001b). After fixation, fitting in
paraffin blocks and cutting samples Hematoxylin eosin, Gomori, Mal-
lory and immunohistochemical α-SMA staining were performed, for
assessing cell proliferation rate antibodies of monoclonal mouse Ki-67
(MIB5, 1:10; DACO, Glostrup, Denmark) were used (Ilic et al., 2009,
2010, 2011a, 2011b; Lojo et al., 2016; Drmic et al., 2017; Sikiric et al.,
1993; Prkacin et al., 2001b).

For morphometric and immunohistochemical analysis of the sam-
ples, a software program ISSA (VAMSTEC, Zagreb, Croatia) (the
average of the ten large visual fields designated "hot-spot" technique)
was used. Samples were analyzed under magnification lens 10×, 20X
or 40×. The percentage of collagen (Mallory) in comparison to the

surface of the visual field (the average of the ten large visual fields
designated "hot-spot" technique) (Varenika et al., 2013; Hamza et al.,
2014) thereof was determined. The regenerative ability of the liver
hepatocyte proliferation using double nucleoli number (average of ten
large visual fields) was determined (Ilic et al., 2009, 2010, 2011a,
2011b; Lojo et al., 2016; Drmic et al., 2017; Sikiric et al., 1993; Prkacin
et al., 2001b) and Ki67 (Hamza et al., 2014). Ki-67 was performed on a
tissue section of the liver. The Ki-67 labeling index (LI) represented the
percentage of hepatocytes with Ki-67-positive nuclei relative to the
total number of hepatocytes in randomly selected sections.

The degree of hepatic fibrosis as the architectural changes, fibrosis
and cirrhosis was progressively scored 0–6. Scoring was as follows: no
fibrosis (0); fibrous expansion of some portal areas, with or without
short fibrous septa (1); fibrous expansion of most portal areas, with or
without short fibrous septa (2); fibrous expansion of most portal areas
with occasional porto-portal (PP) bridging (3); fibrous expansion of
portal areas with significant porto-portal (PP) and porto-central (PC)
bypass (4); significantly bridging (PP and / or PC) with individual no-
dules (incomplete, cirrhosis) (5); cirrhosis, probable or definite (6),
determined according to the classification of Ishak fibrosis. An index of
liver activity was determined as necroinflammatory score (0−18), as a
sum of scores. This includes piecemeal necrosis(0–4; absent (0); mild
(focal, few portal areas)(1); mild/moderate(focal, most portal areas)
(2); moderate(continuous, around< 50% of tracts or septa) (3); severe
(continuous, around> 50% of tracts or septa)(4), confluent necrosis
(0–6; absent (0), focal confluent necrosis (1), zone 3 necrosis in some
areas (2), zone 3 necrosis in most areas (3), zone 3 necrosis + occa-
sional portal-central (P-C) bridging (4), zone 3 necrosis +multiple (PC)
bridging (5), panacinar or multiacinar necrosis (6)), focal necrosis,
apoptosis and focal inflammation (0–4; 0-absent (0), one focus or less
per 10x objective (1), two to four foci per 10x objective (2), five to ten
foci per 10x objective (3), more than ten foci per 10x objective (4)),
portal inflammation (0–4; none (0), mild, some or all portal areas (1),

Fig. 1. Bile duct ligation in rats, gross presentation (C, controls, left, B, BPC 157 treated rats, right). Controls (C, left) with nodular, steatotic liver and large main duct
dilatation (left, low) (8th week), visible jaundice (snout, ears (left, upper), abdominal tegmentum (left, low, middle)) (4th week). BPC 157 treated rats (B, right)
presenting with preserved liver parenchyma and smaller main duct dilatation (low, right) (8th week) and no visible jaundice (snout, ears (right, upper), abdominal
tegmentum (right, low, middle)) (4th week).
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moderate, some or all portal areas (2), moderate /marked, all portal
areas (3), marked, all portal areas (4)) (Varenika et al., 2013).

α-SMA stains cytoskeletal structure in the hepatic stellate cell. The
degree of α-SMA stain indirectly represents the extension of fibrosis.
The topographic α-SMA distribution was observed in three compart-
ments (1-within hepatic sinusoids in the lobule-lobular, 2-within portal
tracts or fibrotic septa- portal/septa, 3-at the interface of portal tracts or
fibrotic septa with the liver parenchyma). The α-SMA intensity was
scored 0–3 (0-no or very rare cells, 1-minor, 2-medium, 3-major).

2.6. Oxidative stress in liver tissue

At the end of the 4 week experiment, oxidative stress in the col-
lected liver tissue samples was assessed by quantifying thiobarbituric
acid-reactive species (TBARS) as malondialdehyde (MDA) equivalents.
The tissue samples were homogenized in PBS (pH 7.4) containing
0.1 mM butylated hydroxytoluene (BHT) (TissueRuptor, Qiagen, USA)
and sonicated for 30 s in an ice bath (Ultrasonic bath, Branson, USA).
Trichloroacetic acid (TCA, 10%) was added to the homogenate, the
mixture was centrifuged at 2200g for 15min, at 4 °C and the super-
natant was collected. Then, 1% TBA was added, and the samples were
boiled (95 °C, 60min). The tubes were then kept on ice for 15min.
Following centrifugation (10,000g, 10min at 4 °C), the absorbance of
the mixture at the wavelength of 532 nm was determined. The con-
centration of MDA was read from a standard calibration curve plotted
using 1,1,3,3′-tetraethoxy propane (TEP). The extent of lipid perox-
idation was expressed as MDA using a molar extinction coefficient for

MDA of 1.56×105 mol/l/cm. The protein concentration was de-
termined using a commercial kit. The results are expressed in nmol per
mg of protein.

2.7. NO determination in liver tissue

At the end of the 4 week experiment, we determined the NO levels
in liver tissue samples using the Griess reaction (Griess Reagent System,
Promega, USA). Sulfanilamide was added to the homogenized tissue,
the mixture was incubated, and N-1-naphthylethylenediamine dihy-
drochloride was added. The Griess reaction is based on the diazotiza-
tion reaction in which acidified nitrite reacts with diazonium ions and,
in a further step, is coupled to N-1-naphthylethylenediamine dihy-
drochloride, forming a chromophoric azo derivative. Absorbance was
measured at 540 nm, using a sodium nitrite solution as a standard. NO
levels are reported in µmol/mg protein. Protein concentrations were
determined using a commercial kit (BioRad Protein DR Assay Reagent
Kit, USA).

2.8. Western Blot analysis

At the end of the 2 week experiment, extracts from liver tissue
samples were prepared using lysis buffer containing 1M Tris, 1 M NaCl,
5 mM EDTA, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1M
DTT and protease inhibitor cocktail. Homogenates were centrifuged at
16,060g for 15min at 4 °C and supernatants were collected. Protein
concentration was measured by Lowry protein assay. Aliquots of the

Fig. 2. Bile duct ligation in rats, microscopy presentation, HEx20, controls (upper), BPC 157 treated rats (low). 4th week (left) shows portal area (portal vein, hepatic
artery branches and several bile ducts) with a prominent increase of the bile duct proliferation in controls (left, upper), but not in BPC 157 treated rats (left, low). 6th
week (middle) goes with distorted hepatic lobular structures, portal–portal or portal-central areas connected by proliferated bile ducts in controls (middle, upper) or
sinusoidal dilatation with preserved portal areas in BPC 157 treated rats (middle, low). 8th week (right) shows sinusoidal dilatation, expansion of portal areas with
varying severity of mononuclear inflammatory infiltrate, marked bridging (portal to portal and portal to central), occasional nodules, focal piecemeal necrosis in
controls (right, upper) or sinusoidal dilatation, preserved portal tract with few proliferated bile ducts in BPC 157 treated rats (right, low).
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Fig. 3. Bile duct ligation in rats, microscopy
presentation, controls (upper), BPC 157 treated
rats (low), Mallory staining (x10) (left), SMA
staining (x10) (right). Mallory staining (8th
week) shows hepatic lobular areas replaced by
proliferated bile ducts, fibrous tissue, portal
–portal or portal- central anastomosis in con-
trols (upper, left) or portal areas with pre-
served structures and slightly fibrous extended
portal areas in BPC 157 treated rats (low, left).
SMA staining (6th week) shows an increase of
the bile duct proliferation, porto-portal, porto-
central anastomosis, increased expression of α-
SMA and hepatic stellate cells in controls
(middle, upper) unlike portal area containing
portal vein, hepatic artery branches and sev-
eral bile ducts and hepatic stellate cells in BPC
157 treated rats (middle, low).

Fig. 4. Ki-67 staining. Controls presenting with
a higher number of Ki-67 positive nuclei,
20× , at 8th week (upper, left). BPC 157 pre-
senting with only a few positive nuclei, 20× ,
at 8th week (upper, right)
Immunohistochemical analysis of hepatocyte
proliferation with Ki-67-positive nuclei (low).
Means± S.D. Prophylactic regimen.
Immediately after end of anesthesia BPC 157
perorally, in drinking water (10 µg/kg, 10 ng/
kg, i.e., 0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day
(BPC157μg, po, BPC157ng, po) till sacrifice, or
alternatively, 10 µg/kg, 10 ng/kg in-
traperitoneally, first application at 30min after
surgery, last at 24 h before sacrifice
(BPC157μg, ip, BPC157ng, ip). Post-treatment
regimen. BPC 157 perorally, in drinking water
(10 µg/kg, 0.16 µg/ml, 12ml/rat/day) in-
itiated at the end of the week 4 (BPC157μg PT).
*P˂0.05, at least vs. control (drinking water
(Con ip)/saline (5ml/kg/day in-
traperitoneally) (Con ip).
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cell extracts containing the same amount of protein (30 µg/lane) were
size-fractionated using a 10% SDS-polyacrylamide gel and the proteins
on the gel were transferred to a PVDF membrane. The membranes were
blocked in 5% non-fat milk in buffer containing 10mM Tris, 150mM
NaCl pH 7.5% and 0.5% Tween 20 for 1 h at room temperature. Blots
were then incubated with primary anti NOS-2 (1:200) and anti NOS-3
(1.200), both from Santa Cruz (CA, USA), for 1 h at room temperature.
After incubation, the membranes were washed three times in washing
buffer (10mM Tris, 150mM NaCl, ph 7.5% and 0.5% Tween 20). After
washing membranes were incubated for 1 h at room temperature with
Ig light chain binding protein (1:1000) from Santa Cruz.
Chemiluminescence reagent from Thermo Scientific (Rockford, IL, USA)
was then applied. For loading control, anti β-actin antibody (1: 2000)
from Sigma (USA) was used. Signals were captured and visualized with
MicroChemi video camera (DNR Bio-imaging system). The membrane
was analyzed with ImageJ software.

2.9. ELISA, TNF-α, IL-6 and IL-1β in liver tissue

At the end of the 2 week experiment, quantitative measurement of
IL-1, IL-6 and TNF-α has been utilised using ELISA (Enzyme-Linked
Immunosorbent Assay) kits (Sigma, USA). Liver tissue samples were
prepared by homogenisation (Tissue ruptor, Quiagen; Ultrasound bath,

Quiagen). Standards and samples were pipetted into precoated wells
and incubated overnight at 4 °C with gentle shaking. The wells were
washed and biotinylated anti-rat antibody (diluted 1:80) added fol-
lowed by incubation (1 h, room temperature, with shaking). After
washing of unbound antibody, HRP conjugated streptavidin (diluted
1:200) was added to the wells. Incubation lasted 45min at room tem-
perature with gentle shaking. After washing, TMB substrate solution
was added in each well and the plate was incubated for 30min at room
temperature with gentle shaking. As a final step, the stop solution was
pipetted into wells and the intensity of the color was measured at
450 nm immediately. Calculations were done based on a standard
curve.

2.10. Statistical analysis

Program STATISTICA 7.0 (StatSoft, Inc., Tulsa, USA) was used. The
data were tested by the Kolmogorov-Smirnoff test to assess the dis-
tribution. In the case of normal distribution, the one-way ANOVA with
the appropriate post-hoc test was applied, while in the case of an ab-
normal distribution of the Kruskal-Wallis test with the appropriate post-
hoc test was applied. To compare the frequency difference between the
groups the chi square test or Fischer's exact test was used. A P
value< 0.05 was considered statistically significant.

Fig. 5. Portal pressure, mmHg (upper), and weight (animal, liver, liver+cyst), g, (lower) at the 2nd, 4th, 6th, 8th week of bile duct ligation in rats. Means± S.D.
Prophylactic regimen. Immediately after end of anesthesia BPC 157 perorally, in drinking water (10 µg/kg, 10 ng/kg, i.e., 0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day
(BPC157μg, po, BPC157ng, po) till sacrifice, or alternatively, 10 µg/kg, 10 ng/kg intraperitoneally, first application at 30min after surgery, last at 24 h before
sacrifice (BPC157μg, ip, BPC157ng, ip). Post-treatment regimen. BPC 157 perorally, in drinking water (10 µg/kg, 0.16 µg/ml, 12ml/rat/day) initiated at the end of
the week 4 (BPC157μg PT). *P˂0.05, at least vs. control (drinking water (Con ip)/saline (5ml/kg/day intraperitoneally) (Con ip). Portal pressure (upper, right). To
evaluate the immediate effect on portal pressure, a local bath (5ml/kg) of saline or BPC 157 10 µg/kg, was given immediately after establishing portal hypertension
values (arrow) at the 4th (Figure) or 6th or 8th week. Considering that the same effects were obtained at the 6th or 8th week, data are not specifically shown.
Means± S.D., mmHg. *P˂0.05, at least vs. control (white bars).
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3. Results

This study investigated in long term (through 8 weeks) beneficial
effect of pentadecapeptide BPC 157 in BLD-rats (Figs. 1–12). BPC 157
was given continuously (intraperitoneally once time daily or perorally
(continuously in drinking water)) or alternatively, only once as a direct
bath application. Therapy effect occurs with the regimens given daily
since the beginning (intraperitoneally, or per-orally (in drinking
water)) much like with the regimens initiated quite later (per-oral
(delayed therapy) or local bath (counteraction of portal hypertension)).
The apparent same effectiveness occurred with BPC 157 µg and ng re-
gimens. In general, as a prove of the concept of the therapy of BPC 157

in BDL-rats, the first appears the improved gross, clinical presentation
(Fig. 1)(decreased obstructive jaundice (Fig. 1), alleviated body weight
gain (Fig. 5), liver weight not increased (Fig. 5), and eliminated ascites
(see below)). The improved gross presentation (Fig. 1) is much like the
improved microscopy presentation (Fig. 2, Fig. 3, Fig. 4). There is a
higher number of hepatocytes, less with double nuclei, less collagen
surface presentation, the smaller intensity of architectural changes (fi-
brosis and cirrhosis), lower necroinflammatory score (Fig. 8, Fig. 8),
smaller α-SMA (Fig. 10) and Ki-67 (Fig. 4) distribution. The biochem-
ical assessment shows smaller serum enzymes and bilirubin values
preserved albumin serum values (Fig. 6, Fig. 7). Finally, there are
normalized MDA- and NO-levels in liver (Fig. 10), next to Western blot

Fig. 6. Direct, indirect, total bilirubin
(μmol/l), albumin (g/l) at the 2nd, 4th,
6th, 8th week of bile duct ligation in
rats. Means± S.D. Prophylactic re-
gimen. Immediately after end of an-
esthesia BPC 157 perorally, in drinking
water (10 µg/kg, 10 ng/kg, i.e.,
0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day
(BPC157μg, po, BPC157ng, po) till sa-
crifice, or alternatively, 10 µg/kg,
10 ng/kg intraperitoneally, first appli-
cation at 30min after surgery, last at
24 h before sacrifice (BPC157μg, po,
BPC157ng, po). Post-treatment re-
gimen. BPC 157 perorally, in drinking
water (10 µg/kg, 0.16 µg/ml, 12ml/
rat/day) initiated at the end of the
week 4 (BPC157μg PT). *P˂0.05, at
least vs. control (drinking water (Con
ip)/saline (5ml/kg/day in-
traperitoneally) (Con ip).

Fig. 7. ALT, AST, GGT, ALP (IU/l)
serum values at the 2nd, 4th, 6th, 8th
week of bile duct ligation in rats.
Means± S.D. Prophylactic regimen.
Immediately after end of anesthesia
BPC 157 perorally, in drinking water
(10 µg/kg, 10 ng/kg, i.e., 0.16 µg/ml,
0.16 ng/ml, 12ml/rat/day (BPC157μg,
po, BPC157ng, po) till sacrifice, or al-
ternatively, 10 µg/kg, 10 ng/kg in-
traperitoneally, first application at
30min after surgery, last at 24 h before
sacrifice (BPC157μg, po, BPC157ng,
po). Post-treatment regimen. BPC 157
perorally, in drinking water (10 µg/kg,
0.16 µg/ml, 12ml/rat/day) initiated at
the end of the week 4 (BPC157μg PT).
*P˂0.05, at least vs. control (drinking
water (Con ip)/saline (5ml/kg/day in-
traperitoneally) (Con ip).
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of NOS2 and NOS3 in the liver tissue (Fig. 11), and decreased IL-6, TNF-
α, IL-1β liver level (Fig. 12). Finally, with BPC 157 regimens, portal
hypertension in BDL-rats appears to be largely abrogated, either not
even developed or rapidly abated, depending about the given BPC 157's
regimen (Fig. 5).

3.1. Gross presentation

Regularly, control BDL-rats presented a progressive deterioration
leading to the visible jaundice, snout, ears, paws, yellow abdominal
tegmentum as it may be seen at 4 week, ascites, nodular, steatotic liver
with large dilatation of main bile duct (Fig. 1), increased liver and/or

cyst weight, decreased body weight (Fig. 1, Fig. 5). In BLD-rats treated
with BPC 157, this regular progressing course is markedly counteracted.
Apparent jaundice is mostly counteracted and no ascites appears (Fisher
exact probability test P˂0.05 vs. control) (Fig. 1, Fig. 5). They show
preserved liver parenchyma and smaller dilatation of the main bile
duct. Considering the commonly known general relevance of the en-
largement of the liver, it is indicative that pentadecapeptide BPC 157
exhibited less liver and/or cyst weight (Fig. 1, Fig. 5). Accordingly, they
have increased body weight gain (Fig. 5). Note, the progressive body
weight loss could be reversed also with late initiation of the BPC 157
therapy.

Fig. 8. Focal necrosis, apoptosis, focal
inflammation (scored 0–4), piecemeal
necrosis (scored 0–4), necroin-
flammatory score (scored 0–18), portal
inflammation (scored 0–4at the 2nd,
4th, 6th, 8th week of bile duct ligation
in rats. Minimum/Median/Maximum
(MIN/MED/MAX). Prophylactic re-
gimen. Immediately after end of an-
esthesia BPC 157 perorally, in drinking
water (10 µg/kg, 10 ng/kg, i.e.,
0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day
(BPC157μg, po, BPC157ng, po) till sa-
crifice, or alternatively, 10 µg/kg,
10 ng/kg intraperitoneally, first appli-
cation at 30min after surgery, last at
24 h before sacrifice (BPC157μg, po,
BPC157ng, po). Post-treatment re-
gimen. BPC 157 perorally, in drinking
water (10 µg/kg, 0.16 µg/ml, 12ml/
rat/day) initiated at the end of the
week 4 (BPC157μg PT). *P˂0.05, at
least vs. control (drinking water (Con
ip)/saline (5ml/kg/day in-
traperitoneally) (Con ip).

Fig. 9. Hepatocytes number, double
nuclei number, nuclei diameter (µm),
collagen surface (%, in comparison to
the surface of the visual field (the
average of the five large visual field
designated "hot-spot" technique)
(Varenika et al., 2013)) at the 2nd, 4th,
6th, 8th week of bile duct ligation in
rats. Means± S.D. Prophylactic re-
gimen. Immediately after end of an-
esthesia BPC 157 perorally, in drinking
water (10 µg/kg, 10 ng/kg, i.e.,
0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day
(BPC157μg, po, BPC157ng, po) till sa-
crifice, or alternatively, 10 µg/kg,
10 ng/kg intraperitoneally, first appli-
cation at 30min after surgery, last at
24 h before sacrifice (BPC157μg, po,
BPC157ng, po). Post-treatment re-
gimen. BPC 157 perorally, in drinking
water (10 µg/kg, 0.16 µg/ml, 12ml/
rat/day) initiated at the end of the
week 4 (BPC157μg PT). *P˂0.05, at
least vs. control (drinking water (Con
ip)/saline (5ml/kg/day in-
traperitoneally) (Con ip).
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3.2. Biochemistry assessment

Regularly, BDL-control rats continuously exhibit increased AST,
ALT, GGT, ALP, total bilirubin, direct and indirect, and decreased al-
bumin serum levels. In accordance with the noted beneficial effect all of
the BPC 157 regimens show a counteraction that includes a reversal of
the increased serum levels of the enzymes (AST, ALT, GGT, ALP) and
total bilirubin, direct and indirect, as well as a reversal of the decreased
albumin serum levels (Fig. 6, Fig. 7). Especially, the same positive
outcome may be seen when the late start of the therapy.

3.3. Microscopy

Indicatively, progressing deleterious course results in the BDL-rats
with hepatic lobular areas replaced by proliferated bile ducts, fibrous
tissue, portal–portal or portal-central anastomosis (Mallory staining),
unless BPC 157 therapy was given (i.e., portal areas with preserved
structures and slightly fibrous extended portal areas (Mallory staining))
(Fig. 2, Fig. 3).

Regularly in control BDL-rats, portal area (portal vein, hepatic ar-
tery branches and several bile ducts) appears with a prominent increase
of the bile duct proliferation, the small and large interlobular bile ducts
showed proliferation, increased tortuosity and branching (week 4)

Fig. 10. α-SMA portal, porto-septal, lobular distribution (scored 0–3), architectural changes, fibrosis, cirrhosis (scored 0–6) at the 2nd, 4th, 6th, 8th week of bile duct
ligation in rats. Minimum/Median/Maximum (MIN/MED/MAX). Prophylactic regimen. Immediately after end of anesthesia BPC 157 perorally, in drinking water
(10 µg/kg, 10 ng/kg, i.e., 0.16 µg/ml, 0.16 ng/ml, 12ml/rat/day (BPC157μg, po, BPC157ng, po) till sacrifice, or alternatively, 10 µg/kg, 10 ng/kg intraperitoneally,
first application at 30min after surgery, last at 24 h before sacrifice (BPC157μg, po, BPC157ng, po). Post-treatment regimen. BPC 157 perorally, in drinking water
(10 µg/kg, 0.16 µg/ml, 12ml/rat/day) initiated at the end of the week 4 (BPC157μg PT). *P˂0.05, at least vs. control (drinking water (Con ip)/saline (5ml/kg/day
intraperitoneally) (Con ip).

Fig. 11. MDA (determined by quanti-
fying thiobarbituric acid (TBA) re-
activity as malondialdehyde (MDA)
equivalents) and NO levels (using the
Griess reaction) in the liver tissue of
BDL-rats after 4 weeks. BPC 157
(10 µg/kg, 0.16 µg/1ml, 12ml/rat/
day) or an equal volume of drinking
water (controls) was applied till the
end of the experiment. * P < 0.05 vs.
healthy (control) liver; ♯ P < 0.05 vs.
injured liver (drinking water, bile duct
ligation).
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(Fig. 1). Distorted hepatic lobular structures, portal–portal or portal-
central areas connected by proliferated bile ducts appear by 6th week
(Fig. 1). 8th week shows sinusoidal dilatation, expansion of portal areas
with varying severity of mononuclear inflammatory infiltrate, marked
bridging (portal to portal and portal to central), occasional nodules,
focal piecemeal (Fig. 1). Specifically, piecemeal necrosis, focal lytic
necrosis, apoptosis and focal inflammation, less number of hepatocytes,
and more with double nuclei, and increased collagen surface appear
since 2nd week (Fig. 8, Fig. 9). Since 2nd week until the end of the
experiment, at 8th week, we noted the increased α-SMA portal, porto-
septal, lobular distribution, higher LI Ki-67, increased myofibroblast
and hepatocyte proliferative activity along with the more scored ar-
chitectural changes, fibrosis, cirrhosis (Fig. 10).

Contrarily, in general, at the 4th week, the course in BDL-ligated-
BPC 157 rats characterizes the lack of the prominent increase of the bile
duct proliferation in portal area; sinusoidal dilatation with preserved
portal areas at the 6th week, and sinusoidal dilatation, preserved portal
tract with few proliferated bile ducts at the 8th week (Fig. 1). Specifi-
cally, no piecemeal necrosis, focal lytic necrosis, apoptosis and less
focal inflammation (Fig. 8), more number of hepatocytes, and less with
double nuclei, and less collagen surface appear since a 2nd week
(Fig. 9). Since 2nd week until the 8th week, we noted the decreased α-
SMA distribution (in particular, porto-septal, lobular) (Fig. 10), less LI
of Ki-67 (Fig. 4), thereby, less myofibroblast and hepatocyte pro-
liferative activity along with less scored architectural changes, fibrosis,
cirrhosis (Fig. 10).

3.4. Portal pressure assessment

Portal hypertension appears as particular complication even when
the symptoms generally come on slowly over the time like in BDL-rats,
but then, it remains sustainably present (Fig. 5). Interestingly, all BDL-
rats treated with BPC 157 exhibit no portal hypertension. This should
be also an effect that could be exerted with the late start of the therapy
since portal hypertension could be not observed anymore in the sub-
sequent periods. Nevertheless, even more importantly, this effect is
quite rapid, and it could be directly seen with BPC 157 bath adminis-
tration within minutes time (Fig. 5).

3.5. MDA- and NO-levels in the liver

At 4 weeks, BDL-rat regularly exhibited increased MDA- and NO-
levels in the liver. Indicatively, BPC 157 in drinking water counteracted
and normalized MDA- and NO-levels in the liver of BLD rats (Fig. 11).

3.6. Western blot analysis

Western blot analysis of NOS-3 expression in liver tissue showed
that BPC 157 treatment decreased the expression of NOS-3 protein
(Fig. 12). At the same time, the expression of NOS-2 was undetectable
in liver samples from both control and BPC treated animals (not
shown).

3.7. ELISA, TNF-α, IL-6 and IL-1β

At 2 weeks, BDL-rat regularly exhibited the increased TNF-α, IL-6

Fig. 12. NOS-3 expression in liver tissue samples from BDL-rats treated with
BPC 157 (1−5) (BPC 157 perorally, in drinking water, 10 µg/kg, 0.16 µg/ml,
12ml/rat/day) and from control animals (drinking water 12ml/rat/day)
(6−11) at 2nd week. Animals were euthanized and NOS-3 protein expression
was analyzed. Actin was used for loading control. A representative blot is
shown. Each bar (mean± S.E.M.) represents a relative ratio of signal intensity
expressed in arbitrary units.

Fig. 13. TNF-α, IL-6 and IL-1β liver levels at the 2nd week. Immediately after
end of anesthesia, the medication was BPC 157 perorally, in drinking water
(10 µg/kg, 0.16 µg/ml, 12ml/rat/day till sacrifice) (BPC157µg po) or water
only (Con po), Means± S.D. *P˂0.05, at least vs. control; # *P˂0.05, at least vs.
healthy.
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and IL-1β liver levels. Indicatively, considering the significance of the
increased TNF-α, IL-6 and IL-1β levels in the liver of the BDL-rats, these
values were counteracted with the administration of BPC 157 in
drinking water (Fig. 13).

4. Discussion

The background of this study considers the BDL-induced portal fi-
brosis in rats linked to changes in the oxidative state of the hepatic cells
and in the production of nitric oxide (Singh et al., 1992; Vázquez-Gil
et al., 2004). The therapy point considers BPC 157 (for review see, i.e.,
Sikiric et al., 2010, 2011, 2012, 2013, 2014, 2017, 2018; Seiwerth
et al., 2018; Kang et al., 2018) as the agent counteracting the diverse
lesions related to high MDA- and NO-tissue values (Belosic Halle et al.,
2017; Luetic et al., 2017; Duzel et al., 2017; Vukojević et al., 2018).
Also, BPC 157 strongly reverses their high MDA- and NO-tissue values
(Belosic Halle et al., 2017; Luetic et al., 2017; Duzel et al., 2017;
Vukojević et al., 2018). Likewise, BPC 157 counteracts diverse liver
lesions (Ilic et al., 2009, 2010, 2011a, 2011b; Lojo et al., 2016; Drmic
et al., 2017; Sikiric et al., 1993; Prkacin et al., 2001b), including portal
hypertension in chronically alcohol drinking rats (Prkacin et al.,
2001b). Consequently, in BDL-rats, the same positive consistent therapy
outcome appears within the same therapy range (µg-ng). The consistent
evidence includes the therapy (intraperitoneal or per-oral) given during
the whole course of the bile duct ligation or the therapy applied only
during the latter period, as well as the one challenge given at distinctive
points. Thereby, we could suggest the therapy effect that distinctively
mitigates the whole syndrome involving the course of an even more
complex model that should be the consequent portal hypertension rapid
counteraction.

A general illustration of the therapy effect includes the markedly
abated perilous syndrome (jaundice, snout, ears, paws, and yellow
abdominal tegmentum in controls since 4th week, ascites, nodular,
steatotic liver with large dilatation of main bile duct, increased liver
and/or cyst weight, decrease body weight). Since the enlargement of
the liver reflects full remodeling process of the liver after BDL in gen-
eral, proliferating bile ducts and fibrosis as the main determinants in
the enlargement process of extracellular matrix (Ertor et al., 2013), it is
important to emphasize that this BPC 157's counteracting effect is be-
coming prominent already within the two weeks after BDL. Thus, while
the cause-consequence relation remains to be established, we demon-
strate that in addition to the characteristic gross presentation, BPC 157
also counteracts all characteristic structural, biochemical, and hemo-
dynamic disturbances that would otherwise regularly appear in the
course of this cholestatic model of liver injury. And thereby, BPC 157
counteracts the piecemeal necrosis, focal lytic necrosis, apoptosis and
focal inflammation. BPC 157 counteracts disturbed cell proliferation
(and thereby, less Ki-67-staining) and cytoskeletal structure in the he-
patic stellate cell (HSCs) (and thereby, α-SMA staining) much like
disturbed collagen presentation (and thereby, less Mallory staining, and
more hepatocytes number and less with double nuclei). Likewise,
counteraction includes increased AST, ALT, GGT, ALP, total bilirubin,
direct and indirect, and decreased albumin serum levels. As the positive
indication, appear normalized MDA- and NO-tissue values, next to
Western blot of NOS2 and NOS3 in the liver tissue, and decreased IL-6,
TNF-α, IL-1β liver level. Finally, portal hypertension in BDL-rats ap-
pears either not even developed or rapidly abated, depending on the
given BPC 157's regimen.

Thereby, more precisely, it may be that BPC 157's beneficial effect
specifically points the membrane fragility and the increase in hepatic
cell membrane fluidity that led to enzyme release into circulation
(Olteanu et al., 2012), bile duct necrosis indicated by elevated serum
GGT activity (Leonard et al., 1984), and finally, liver functional re-
covery. Otherwise, there would be the more increased values of bilir-
ubin attributable to cell damages caused by an obstruction in the bile
flow (Fahmy, 2015); accumulation of unconjugated bilirubin (Kotal

et al., 1997) due to the failure of conjugation, more reduction of the
albumin content due to the decreased capability of the liver to syn-
thesize albumins (Fahmy, 2015). Besides, the argument for the parti-
cular beneficial effect may be the reduced collagen presentation and
reduced number of α-SMA cells. And thereby, there is the reduced
number of the activated HSCs, which express myogenic markers such as
α-SMA, considered to be a central extracellular matrix (ECM)-produ-
cing cells within the injured liver (Zhen et al., 2015). Of note, these
changes appear particularly in the periportal regions, supposed to be
the area of the most hypoxia (Huang et al., 2002). Along with these
findings, and particular beneficial activity of BPC 157 (in particular,
more hepatocytes, less with double nuclei (but with the diameter like in
control)), we documented the low LI of Ki-67. Ki-67 reflects nuclear
proliferation in the tissues (Kaita et al., 1997). As a proliferating nuclear
antigen, it is present in replicating cells (Kaita et al., 1997). Thereby,
low LI of Ki-67 appears in normal liver and in inactive cirrhosis. In-
creased LI of Ki-67 appears in chronic hepatitis, and even more in he-
patic carcinoma (Kaita et al., 1997). Increased LI of Ki-67 is particularly
associated with progressing formation of the biliary type liver fi-
brogenesis (Rosmorduc et al., 1999). Thereby, the evidence that BPC
157 strongly reversed the otherwise high MDA-liver values to the
healthy levels, in other models (Belosic Halle et al., 2017; Luetic et al.,
2017; Duzel et al., 2017; Vukojević et al., 2018) much like in BDL-rats,
is very important. Likely, BPC 157 would also interfere with consequent
activation of HSCs, activated by MDA, as this activation is blocked by
antioxidants (Parola et al., 1996), as BPC 157 may be also a powerful
free radical scavenger (Belosic Halle et al., 2017; Luetic et al., 2017;
Duzel et al., 2017; Vukojević et al., 2018). Consequently, BPC 157
therapy may involve the initiation of unbalanced synthesis of collagen,
the main components in the pathogenesis that leads to fibrosis, oxida-
tive stress that aggravates liver fibrosis via HSCs, lipid peroxidation as
an indicator of tissue damage that accelerates collagen synthesis by
stimulating HSCs (Bedossa et al., 1994; Tahan et al., 2010). Thereby, an
apparent arrest in the progression of collagen deposition in the BPC 157
treated animals can be a consequence of the ability to condition the
hepatocytes, accelerated regeneration of parenchyma cells, and
thereby, the increased mass of regenerated liver cells.

Furthermore, along with this assumption, in these terms, the portal
pressure secondary to increased intrahepatic resistance (Vázquez-Gil
et al., 2004) fully supports the abrogated portal hypertension course in
BPC 157 rats. And thereby, the healthy values of MDA- and NO-levels in
the liver in BPC 157 treated BLD-rats unlike regularly sustained portal
hypertension and increased MDA- and NO-levels in the liver, may
provide a particular indication. Likely, BPC 157 modulates endogenous
endothelial-derived NO in rats with BDL, along with its effect on NO-
system in different models and species (for review see, i.e., Sikiric et al.,
2014), and that effect can modify sinusoidal blood flow by regulating
sinusoidal resistance providing the evidence that sinusoids do function
as liver-resistance vessels (Vázquez-Gil et al., 2004). Next to these
findings appear counteraction of the increased NOS3 expression (while
NOS2 was not found) in the liver tissue, and counteraction of the in-
creased IL-6, TNF-α, IL-1β liver level. This may be important since the
high levels of inflammatory cytokines (TNF-α, IL-6 and IL-1β) and NO,
are potent activators of the immune system in the liver and cytokines
critical mediators of liver fibrosis (Connolly et al., 2009; Wynn, 2008).

Finally, the rapid counteraction of venous hypertension and arterial
hypotension in the rats with infrarenal occlusion of the inferior caval
vein (Vukojević et al., 2018) may be further illustrative to the abro-
gated portal hypertension in the BLD rats. Rapidly induced bypassing
loop through the left ovaric and other veins as a particular effect
(Vukojević et al., 2018) may suggest the potential to the better portal-
systemic shunting to decompress the portal system in the BLD-rats, and
thereby, BLD-rats taking daily BPC 157, as intraperitoneal administra-
tion or in drinking water, had no portal hypertension, and no ascites
formation. Likewise, BPC 157 given as a bath instantly reversed portal
hypertension. Of note, BPC 157 therapy results that in alcohol
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chronically drinking rats and sustained portal hypertension the gastric
lesions abated along with the counteraction of portal hypertension
(Prkacin et al., 2001a, 2001b). Also, further consideration may be re-
lated to the counteraction of the IL-6, TNF-α, IL-1β increased liver
values and their further relation so far seen with the counteracted
tumor cachexia (Kang et al., 2018), muscle wasting and changes in the
expression of FoxO3a, p-AKT, p-mTOR, and P-GSK-3β (Kang et al.,
2018).

Similarly, the next focus may be on the balanced collagen synthesis,
hepatic fibrosis considered as a model of the wound-healing response to
chronic liver injury (Albanis and Friedman, 2001; Aller et al., 2008;
Wynn, 2008). This possibility is along with BPC 157's interaction with
several molecular pathways (Hsieh et al., 2017; Huang et al., 2015;
Chang et al., 2011, 2014; Tkalcević et al., 2007; Cesarec et al., 2013;
Vukojević et al., 2018; Kang et al., 2018). Possible analogy (see for
review i.e., Seiwerth et al., 2018) may be likely established. There are
the attenuated dermal, muscle, tendon and ligament fibrosis and scar
formation, and regained function (Mikus et al., 2001; Sikiric et al.,
2003; Staresinic et al., 2003, 2006; Krivic et al., 2006; Cerovecki et al.,
2010). These occur in the BPC 157's healing of the skin burns (Mikus
et al., 2001; Sikiric et al., 2003), transected muscle (Staresinic et al.,
2006) or tendon (Staresinic et al., 2003; Krivic et al., 2006) or ligament
(Cerovecki et al., 2010). Illustratively, one study (Tkalcević et al., 2007)
demonstrated that BPC 157 stimulated both the early growth response
gene (egr-1) (critical in proliferation, differentiation, and inflammation
during cholestatic liver injury, cytokine and growth factor generation
and early extracellular matrix (collagen) formation) (Zhang et al., 2011;
Kim et al., 2006)) and its co-repressor nerve growth factor 1-A binding
protein-2 (naB2)(Tkalcević et al., 2007). Consequently, BPC 157 (with
naB2) may be a particular feedback controlling mechanism (Ilic et al.,
2009, 2010, 2011a, 2011b).

Overall, the application of BPC 157 was given continuously, in-
traperitoneally or perorally. Note, as an original anti-ulcer cytoprotec-
tive agent stable in human gastric juice, maintaining gastrointestinal
mucosa integrity, BPC 157 is suited for peroral application (for review
see, i.e., Sikiric et al., 2010, 2011, 2012, 2013, 2014, 2017, 2018;
Seiwerth et al., 2018; Kang et al., 2018). Likewise, BPC 157 application
was once as a bath. Together, this indicates that BPC 157 could be a
critical therapy, suited for the all disturbances in the liver during
cholestasis, including portal hypertension, even in the stage of the
protracted injuries in BDL- rats.
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