The ARRIVE Guidelines Checklist

Animal Research: Reporting In Vivo Experiments

Carol Kilkenny', William J Browne?, Innes C Cuthill®, Michael Emerson” and Douglas G Altman®

"The National Centre for the Replacement, Refinement and Reduction of Animals in Research, London, UK, °School of Veterinary
Science, University of Bristol, Bristol, UK, >School of Biological Sciences, University of Bristol, Bristol, UK, “National Heart and Lung
Institute, Imperial College London, UK, °Centre for Statistics in Medicine, University of Oxford, Oxford, UK.

ITEM RECOMMENDATION ng;g’gph
Title 1 Provide as accurate and concise a description of the content of the article Bowel
as possible. adhesion and
Abstract 2 Provide an accurate summary of the background, research objectives, Background.
including details of the species or strain of animal used, key methods, Stable gastric
principal findings and conclusions of the study. nantadarans

INTRODUCTION
Background 3 a. Include sufficient scientific background (including relevant references to
- o A. Effect of
previous work) to understand the motivation and context for the study, BPC 157
and explain the experimental approach and rationale. should be
b. Explain how and why the animal species and model being used can explained by
address the scientific objectives and, where appropriate, the study’'s its particular
relevance to human biology. oo a -
Objectives 4 Clearly describe the primary and any secondary objectives of the study, or The primary

specific hypotheses being tested.

Ahiantivine ara

METHODS
Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (€.9. | giical
Animal [Scientific Procedures] Act 1986), and national or institutional principles of
guidelines for the care and use of animals, that cover the research. b eds
Study design 6 For each experiment, give brief details of the study design including: A. Study
a. The number of experimental and control groups. protocols
b. Any steps taken to minimise the effects of subjective bias when were _
allocating animals to treatment (e.g. randomisation procedure) and when CO”dUCte_d n
assessing results (e.g. if done, describe who was blinded and when). male Albino
c. The experimental unit (e.g. a single animal, group or cage of animals). Z\QZ;aCVz;SHt
A time-line diagram or flow chart can be useful to illustrate how complex 200 g, 12
study designs were carried out. weeke ald
Experimental 7 For each experiment and each experimental group, including controls, A. The rats
procedures provide precise details of all procedures carried out. For example: wére
a. How (e.g. drug formulation and dose, site and route of administration, anesthetized
anaesthesia and analgesia used [including monitoring], surgical using
procedure, method of euthanasia). Provide details of any specialist thiopental
equipment used, including supplier(s). (Rotexmedica
b. When (e.g. time of day). , Germany)
c. Where (e.g. home cage, laboratory, water maze). 40dmg/kg P,
. . - . and apaurin
d. Why (e.g. rationale for choice of specific anaesthetic, route of (Krkap
administration, drug dose used). Cltimminy 40
Experimental 8 a. Provide details of the animals used, including species, strain, sex, A In this
animals developmental stage (e.g. mean or median age plus age range) and study male
weight (e.g. mean or median weight plus weight range). Albino Wistar
b. Provide further relevant information such as the source of animals, rats, (200 *
international strain nomenclature, genetic modification status (e.g. 30 g), aged 8
knock-out or transgenic), genotype, health/immune status, drug or test - 12 weeks

naive, previous procedures, etc.

were
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Housing and

Provide details of:

A. Rats were
husbandry a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or | housed
housing; bedding material; number of cage companions; tank shape and | pairwise in
material etc. for fish). Orchid
b. Husbandry conditions (e.g. breeding programme, light/dark cycle, Scientific
temperature, quality of water etc for fish, type of food, access to food cages cages
and water, environmental enrichment). filled with
c. Welfare-related assessments and interventions that were carried out A"Stpant®d
prior to, during, or after the experiment. (untreate
Sample size 10 a. Specify the total number of animals used in each experiment, and the A In this
number of animals in each experimental group. st.udy we
b. Explain how the number of animals was arrived at. Provide details of any used in all of
sample size calculation used. experiments
c. Indicate the number of independent replications of each experiment, if seven rats
relevant. per group.
Allocating 11 a. Give full details of how animals were allocated to experimental groups, A Rats were
animals to including randomisation or matching if done. randomly
experimental b. Describe the order in which the animals in the different experimental assigned to
groups groups were treated and assessed. each aroup
Experimental 12 Clearly define the primary and secondary experimental outcomes assessed USB
outcomes (e.g. cell death, molecular markers, behavioural changes). i~
Statistical 13 a. Provide details of the statistical methods used for each analysis. A Statistical
methods b. Specify the unit of analysis for each dataset (e.g. single animal, group of analysis was
animals, single neuron). performed by
c. Describe any methods used to assess whether the data met the parametric
assumptions of the statistical approach. one-wav

RESULTS

Baseline data 14 For each experimental group, report relevant characteristics and health Overall health
status of animals (e.g. weight, microbiological status, and drug or test naive) | giatus of the
prior to treatment or testing. (This information can often be tabulated). rate was

Numbers 15 a. Report the number of animals in each group included in each analysis. A. Rats were

analysed Report absolute numbers (e.g. 10/20, not 50%?). randomly
b. If any animals or data were not included in the analysis, explain why. assigned in

Outcomes and 16 Report the results for each analysis carried out, with a measure of precision | v ues are

estimation (e.g. standard error or confidence interval). presented as

Adverse events 17 a. Give details of all important adverse events in each experimental group.

b. Describe any modifications to the experimental protocols made to
reduce adverse events.

A. There were
only cardiac
and

DISCUSSION
Interpretation/ 18 a. Interpret the results, taking into account the study objectives and A. The
scientific hypotheses, current theory and other relevant studies in the literature. recovery
implications b. Comment on the study limitations including any potential sources of bias, | effect of the
any limitations of the animal model, and the imprecision associated with | BPC 157
the results®. regimens
c. Describe any implications of your experimental methods or findings for goes with the
the replacement, refinement or reduction (the 3Rs) of the use of animals | presence of
in research. abundant
Generalisability/ 19 Comment on whether, and how, the findings of this study are likely to BPC 157 with
translation translate to other species or systems, including any relevance to human a particular
b|0|09y affart an
Funding 20 List all funding sources (including grant number) and the role of the This study
funder(s) in the study. was
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	Text2: Background. Stable gastric pentadecapeptide BPC 157 has already shown beneficial effects in ischemia/reperfusion conditions. 
Aim. BPC 157 was tested against Pringle maneuver (portal triad obstruction) in rats.
Methods. In deeply anesthetized rats  the portal triad was clamped up for 30 minutes. Rats then underwent reperfusion for either 15 minutes or 24 hours. Medication ((10 µg, 10 ng/kg) regimens, administered as a single challenge) picked (i) ischemia, portal triad obstruction -period (at 5 min before (ip) or at 5 min or 30 min ligation-time (as a bath to portal triad obstruction)) or (ii) reperfusion, post- portal triad obstruction -period (at 1 min or 15 min (bath during surgery) or 24 h (ip) reperfusion-time). We provided gross, microscopy, MDA, serum enzymes, ECG, portal, caval, and aortal pressure, thrombosis and venography assessments. 
Results. BPC 157 counteracts ECG disturbances (increased P wave amplitude, S1Q3T3 QRS pattern and tachycardia). Rapidly presented vascular pathway (portal vein-superior mesenteric vein-inferior mesenteric vein-rectal veins-left ileal vein-inferior caval vein) as the adequate shunting immediately affected disturbed hemodynamics. Portal hypertension, and severe aortal hypotension during PTO as well as portal and caval hypertension and mild aortal hypotension in reperfusion, and refractory ascites formation were markedly attenuated (during PTO) or completely abrogated (reperfusion); thrombosis in portal vein tributaries and inferior caval vein or hepatic artery was counteracted during PTO. Also, counteraction includes the whole vicious injurious circle (i.e., lung pathology (severe capillary congestion), liver (dilated central veins and terminal portal venules), intestine (substantial capillary congestion, submucosal edema, loss of villous architecture), splenomegaly, right heart (picked P wave values)) regularly perpetuated in ischemia, and progressed by reperfusion in Pringle rats.
Conclusion. BPC 157 resolves PTO in rats, both ischemia and reperfusion.


	Text3: A. Effect of BPC 157 should be explained by its particular effect on the occluded vessels, and bypassing of the occlusion, described[Vukojevic J, Siroglavić M, Kašnik K, Kralj T, Stanćić D, Kokot A, et al. Rat inferior caval vein (ICV) ligature and particular new insights with the stable gastric pentadecapeptide BPC 157. Vascul Pharmacol 2018;106:54–66. 
Duzel A, Vlainic J, Antunovic M, Malekinusic D, Vrdoljak B, Samara M, et al. Stable gastric pentadecapeptide BPC 157 in the treatment of colitis and ischemia and reperfusion in rats: New insights. World J Gastroenterol 2017;23:8465–88.

Drmic D, Samara M, Vidovic T, Malekinusic D, Antunovic M, Vrdoljak B, et al. Counteraction of perforated cecum lesions in rats: effects of pentadecapeptide BPC 157, L-NAME and L-arginine. World J Gastroenterol 2018;24:5462–76. 
Amic F, Drmic D, Bilic Z, Krezic I, Zizek H, Peklic M, et al. Bypassing major venous occlusion and duodenal lesions in rats, and therapy with the stable gastric pentadecapeptide BPC 157, L-NAME and L-arginine. World J Gastroenterol 2018;24:5366–78. 
[17] Sever AZ, Sever M, Vidovic T, Lojo N, Kolenc D, Vuletic LB, et al. Stable gastric pentadecapeptide BPC 157 in the therapy of the rats with bile duct ligation. Eur J Pharmacol 2019;847:130–42. 
] in the therapy of the deep vein thrombosis and colitis ischemia/reperfusion, duodenal venous congestion and cecum perforation,(Vukojevic J, Siroglavić M, Kašnik K, Kralj T, Stanćić D, Kokot A, et al. Rat inferior caval vein (ICV) ligature and particular new insights with the stable gastric pentadecapeptide BPC 157. Vascul Pharmacol 2018;106:54–66. 
 Duzel A, Vlainic J, Antunovic M, Malekinusic D, Vrdoljak B, Samara M, et al. Stable gastric pentadecapeptide BPC 157 in the treatment of colitis and ischemia and reperfusion in rats: New insights. World J Gastroenterol 2017;23:8465–88.

Drmic D, Samara M, Vidovic T, Malekinusic D, Antunovic M, Vrdoljak B, et al. Counteraction of perforated cecum lesions in rats: effects of pentadecapeptide BPC 157, L-NAME and L-arginine. World J Gastroenterol 2018;24:5462–76. 
Amic F, Drmic D, Bilic Z, Krezic I, Zizek H, Peklic M, et al. Bypassing major venous occlusion and duodenal lesions in rats, and therapy with the stable gastric pentadecapeptide BPC 157, L-NAME and L-arginine. World J Gastroenterol 2018;24:5366–78.] and bile duct ligation-induced liver cirrhosis and portal hypertension rat injuries.[17] Also, the BPC 157 cytoprotective impact[1–12] can have special importance since the peritoneal lining of the cavity serves as a conduit for the blood vessels that should be markedly disturbed by parietal peritoneum injury.[18]This  effect would substantiate the evidence that the stable gastric pentadecapeptide BPC 157 counteracts bowel adhesion formation related to different procedures.Additionally, these BPC 157 assets (in particular, abundant vascular vessels presentation in and close to the defect as an extension of the original cytoprotective endothelium protection effect[1–12] should be viewed with the stronger angiogenesis effect than the standard anti-ulcer agents,[60] an increased expression of VEGF and subsequent pathways.[Kang EA, Han Y-M, An JM, Park YJ, Sikiric P, Kim DH, et al. BPC157 as Potential Agent Rescuing from Cancer Cachexia. Curr Pharm Des 2018;24:1947–56. ,Vukojevic J, Siroglavić M, Kašnik K, Kralj T, Stanćić D, Kokot A, et al. Rat inferior caval vein (ICV) ligature and particular new insights with the stable gastric pentadecapeptide BPC 157. Vascul Pharmacol 2018;106:54–66. Ilic S, Drmic D, Zarkovic K, Kolenc D, Coric M, Brcic L, et al. 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;61:241–50. 
Sikiric P, Seiwerth S, Grabarevic Z, Rucman R, Petek M, Rotkvic I, et al. Hepatoprotective effect of BPC 157, a 15-amino acid peptide, on liver lesions induced by either restraint stress or bile duct and hepatic artery ligation or CCl4 administration. A comparative study with dopamine agonists and somatostatin. Life Sci 1993;53:PL291-6.
Belosic Halle Z, Vlainic J, Drmic D, Strinic D, Luetic K, Sucic M, et al. Class side effects: decreased pressure in the lower oesophageal and the pyloric sphincters after the administration of dopamine antagonists, neuroleptics, anti-emetics, l-NAME, pentadecapeptide BPC 157 and l-arginine. Inflammopharmacology 2017;25:511–22. 

Sikiric P, Marovic A, Matoz W, Anic T, Buljat G, Mikus D, et al. 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-tetrahydropyridine. J Physiol 1999;93:505–12. 
Sucic M, Luetic K, Jandric I, Drmic D, Sever AZ, Vuletic LB, et al. Therapy of the rat hemorrhagic cystitis induced by cyclophosphamide. Stable gastric pentadecapeptide BPC 157, L-arginine, L-NAME. Eur J Pharmacol 2019;861:172593. 
]

B. We chose rodents because they are mammals with phisiology sufficently similar to human and thus the pathophysiology following the abdominal wall defect and adhesion formation  can be easily correlated.
	Text5: The primary objectives are to cure parietal peritoneum excision with an underlying superficial layer of muscle tissue in rats with minimal adhesion formation, and lastly, to  induce reduction in the increased MDA values and normalization of NO values in adhesion tissue. This begins with the original understanding that counteraction of the initial post-surgery vascular failure may be related to the attenuation of the ultimate adhesion formation, as “vascular recruitment”, abundant vascular vessels in and near the defect, as “bypassing” occlusion via alternative ways, as demonstrated with BPC 157. As secondary objectives, we suggest that this formation of adhesion would be an effect on the NO-system and that the beneficial effect would be an effect related to the NO-system.. 
	Text6: Ethical principles of the study ensured compliance with European Directive 010/63/E, the Law on Amendments to Animal Protection Act (Official Gazette 37/13, the Animal Protection Act (Official Gazette 135/06), Ordinance on the protection of animals used for scientific purposes (Official Gazette 55/13), FELASA recommendations and recommendations of the Ethics Committee School of Medicine, University of Zagreb. 
	Text7: A. Study protocols were conducted in male Albino Wistar rats, body weight 200 g, 12 weeks old, randomly assigned into groups, used in all of the experiments, 7 rats/group/  interval.

B. Single blind (the observer did not know whether he/she was assessing treated  or control animal). Healthy rats were randomly assigned to each group.

 C. One single rat was used as the experimental unit receiving different treatment.
	Text8: A. The rats were anesthetized using thiopental (Rotexmedica, Germany) 40 mg/kg ip, and apaurin (Krka, Slovenia) 10 mg/kg ip) ketamine (Pfizer) 30 mg/kg.  Under deep anesthesia  with an underlying superficial layer of muscle tissue was performed in rats. 

B. Experiments started at the very beginning of the light cycle and, considering different lengths of each experiment. lasted throughout the light cycle or throughout one light and the subsequent dark cycle.

C. Laboratory animals were housed in PC cages in conventional laboratory conditions at the temperature of 20-24°C, relative humidity of 40-70 % and noise level 60 DCB. Each cage was identified following dates: number of study, group, dose, number and sex of each animal. Fluorescent lighting provided illumination 12 hours per day. Standard GLP diet and fresh water were provided ad libitum. 

D. We administered anaesthetics intraperitoneally because of ease of access and fast onset of sedation. BPC 157 was administered as a intraperitoneal bath because previous studies have shown significant therapeutic success.
	Text9: A. In this study  male Albino Wistar rats, (200 ± 30 g), aged 8 - 12 weeks were included.

B. Male Wistar albino rats (Pharmacology animal facility - School of Medicine, Zagreb Croatia) were obtained and acclimatized for at least 120 h. Directorate of Veterinary reports indicated that the rats were free of known viral, bacterial and parasitic pathogens.
	Text10: A. Rats were housed pairwise in  Orchid Scientific cages cages filled with Allspan® (untreated softwood  animal bedding).

B. Animals were housed with an inverse 12 hours day-night cycle with lights on at 7:00pm in a temperature (21±2ºC) and humidity (55±5%) controlled room. Standard laboratory diet for rats(Diete Standard, Mucedola srl
Via Galileo Galilei 4
 20019 Settimo Milanese (MI) Italy)
 and fresh water were provided ad libitum.

C.During the postoperative period, the animals were monitored for possible pain presentation using a special scale provided by the local Ethic Committee
but, considering the given time period and anesthesia used,  no special pain sign was noted.
	Text11: A. In this study we used in all of experiments seven rats per group.

B. The number of rats was calculated based on previous studies.

C.Experiments were repeated and all of the data was compiled.
	Text12: A. Rats were randomly assigned to each group before the experiments were performed.

B.Rats were assessed acording to the group in which they were placed and times at which they needed to be observed.
	Text13: USB microcamera was used to assess blood vesssel presentation and adhesions were scored using this camera.    Oxidative stress in the collected tissue samples was assessed by quantifying thiobarbituric acid-reactive species (TBARS) as malondialdehyde (MDA) equivalents.     Tissue samples were obtained for pathohistological analysis.
	Text14: A. Statistical analysis was performed by parametric one-way ANOVA with post hoc Newman-Keuls test and non-parametric Kruskal-Wallis and subsequent Mann-Whitney U-test to compare groups. Values are presented as the mean ± SD and as the minimum/median/maximum. P < 0.05 was considered statistically significant.

B. For each test, the experimental unit was an individual animal.

C. 
	Text15: Overall health status of the rats was monitored throughout the experiments according to Federation of European Laboratory Animal Science Associations (FELASA) guidelines.
	Text16: A. Rats were randomly assigned in all of the experiments, 7 rats/group/interval. 

B. Nine animals were excluded due to sudden cardiac death.
	Text17: Values are presented as the mean ± SD and as the minimum/median/maximum.P < 0.05 was considered statistically significant.
	Text18: A. There were only cardiac and respiratory adverse events, all acutely fatal.

B. There were no additional modifications to the experimental protocols due to the nature of rare, fatal adverse events.
	Text19: A. The recovery effect of the BPC 157 regimens goes with the presence of abundant vascular vessels in and near the defect, which occurs rapidly. Lastly, also applied as post-treatment, BPC 157 creates attenuated adhesions, minimal or no adhesion. Contrarily, NO-agents have diverse initial and final effects: the initial weakening of blood vessel disappearance and finally, severe worsening of adhesions (L-NAME) versus the initial weakening of blood vessel disappearance and finally, attenuation of adhesions formation (L-arginine), which counteract each other response given together. Importantly, BPC 157 maintains its beneficial effect also when given with NO-agents (L-NAME+BC 157; L-arginine+BPC 157; L-NAME+L-arginine+BPC 157). Finally, with respect to the increased NO- and MDA- values-adhesion tissue formation relation, unlike diverse effect of the NO-agents, the BPC 157 application effect regularly combines decrease on the increased NO- and MDA- values and the beneficial outcome (less adhesion formation).

B. 

C. In this study we demonstrated beneficial effects of BPC 157 as therapy for the realization of the peritoneal defect healing with minimal or no adhesion formation, in rodents, so further scientific inquery into this topic doesn't need further experiments performed on rodents.
	Text20: BPC 157 with a particular effect on vessel presentation and counteracting effect on NO-agents harmful effect, free radical formation, and NO-values normalization, should be the practical hallmark of the further therapy to avoid adhesion formation.
	Text21: This study was supported by Supported by the University of Zagreb, Zagreb, Croatia (Grant BM 099).
	Text1: Bowel adhesion and the therapy with the pentadecapeptide BPC 157 in rats



