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Basic Study
Stomach perforation-induced general occlusion/occlusion-like syndrome and stable gastric pentadecapeptide BPC 157 therapy effect
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Abstract
BACKGROUND
Using rat stomach perforation as a prototypic direct lesion applied in cytoprotection research, we focused on the first demonstration of the severe occlusion/occlusion-like syndrome induced by stomach perforation. The revealed stomach-induced occlusion/occlusion-like syndrome corresponds to the previously described occlusion/occlusion-like syndromes in rats suffering multicausal pathology and shared severe vascular and multiorgan failure. This general point was particularly reviewed. As in all the described occlusion/occlusion-like syndromes with permanent occlusion of major vessels, peripheral and central, and other similar noxious procedures that severely affect endothelium function, the stable gastric pentadecapeptide BPC 157 was resolving therapy.

AIM
To reveal the stomach perforation-induced general occlusion/occlusion-like syndrome and BPC 157 therapy effect.

METHODS
The procedure included deeply anesthetized rats, complete calvariectomy, laparotomy at 15 min thereafter, and stomach perforation to rapidly induce vascular and multiorgan failure occlusion/occlusion-like syndrome. At 5 min post-perforation time, rats received therapy [BPC 157 (10 µg or 10 ng/kg) or saline (5 mL/kg, 1 mL/rat) (controls)] into the perforated defect in the stomach). Sacrifice was at 15 min or 60 min post-perforation time. Assessment (gross and microscopy; volume) included: Brain swelling, peripheral vessels (azygos vein, superior mesenteric vein, portal vein, inferior caval vein) and heart, other organs lesions (i.e., stomach, defect closing or widening); superior sagittal sinus, and peripherally the portal vein, inferior caval vein, and abdominal aorta blood pressures and clots; electrocardiograms; and bleeding time from the perforation(s).

RESULTS
BPC 157 beneficial effects accord with those noted before in the healing of the perforated defect (raised vessel presentation; less bleeding, defect contraction) and occlusion/occlusion-like syndromes counteraction. BPC 157 therapy (into the perforated defect), induced immediate shrinking and contraction of the whole stomach (unlike considerable enlargement by saline application). Accordingly, BPC 157 therapy induced direct blood delivery via the azygos vein, and attenuated/eliminated the intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension. Thrombosis, peripherally (inferior caval vein, portal vein, abdominal aorta) and centrally (superior sagittal sinus) BPC 157 therapy markedly reduced/annihilated. Severe lesions in the brain (swelling, hemorrhage), heart (congestion and arrhythmias), lung (hemorrhage and congestion), and marked congestion in the liver, kidney, and gastrointestinal tract were markedly reduced.

CONCLUSION
We revealed stomach perforation as a severe occlusion/occlusion-like syndrome, peripherally and centrally, and rapid counteraction by BPC 157 therapy. Thereby, further BPC 157 therapy may be warranted.
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Core Tip: Rats with perforated stomachs exhibited the rapidly emerging severe occlusion/occlusion-like syndrome, an innate general vascular and multiorgan failure, peripherally and centrally. The pentadecapeptide BPC 157 application into stomach defects was efficacious therapy.  With an activated azygos vein-rescuing pathway, there was cause-consequence counteraction of lesions in the brain (swelling, hemorrhage), heart (congestion), lung (hemorrhage), and congestion in the liver, kidney, and gastrointestinal tract. Whole occlusion/occlusion-like syndrome, arrhythmias, blood pressure disturbances (intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension), major vessel failure, and widespread thrombosis, Virchow triad circumstances peripherally and centrally were all attenuated/eliminated by BPC 157 therapy.

INTRODUCTION
As a novel approach with the beneficial effect of the stable gastric pentadecapeptide BPC 157[1-6] to the stomach perforation therapy, we intend to better implement in practice Robert’s and Szabo’s cytoprotection concept[7-9]. Conceptually, this might improve the original acceptance of basic cytoprotection maxim, the direct epithelium (Robert)[7,8], endothelium (Szabo)[9] protection/maintenance in the stomach vs direct agent’s noxious effect (i.e., intragastric alcohol[7]; stomach perforation[10]). To resolve this issue, along with the recently reported stomach perforation in the rats[10], this report describes the rats with a perforated stomach rapidly emerging severe general syndrome occlusion/occlusion-like syndrome recently reviewed[1-4,11-24] as an innate general vascular and multiorgan failure and its therapy with the stable pentadecapeptide BPC 157 application (activation of the collateral pathways)[1,2,11-24].
In the rats with perforated stomachs, noxious course progression, and general detrimental syndrome peripherally and centrally, the BPC 157 therapy outcome might be similar to the beneficial effect that occurs peripherally and centrally during major vessel occlusion[11-19] and other similar noxious procedure application[20-24]. To specifically link the occlusion/occlusion-like syndrome and cytoprotection issue we should mention BPC 157 as a novel cytoprotection mediator maintaining gastrointestinal mucosa integrity, used in ulcerative colitis trials, lethal dose (LD1) not achieved in toxicology studies, native to and stable in human gastric juice, and thereby, easy applicable cytoprotective capabilities and also permitting per-oral application[1-6]. Further, this occlusion/occlusion-like syndrome[11-24] includes, in particular, the absolute alcohol intragastric instillation as a challenge, the prototype commonly used in cytoprotection studies[7,8,24]. Given the previous therapy effects in the occlusion/occlusion-like syndrome[11-24] and in the cytoprotective studies (for review see[25-31]), including perforated defects[10,32], the stable gastric pentadecapeptide BPC 157, might be the resolving therapy (for additional review see[1-6]) equally acting peripherally and centrally. These might be the novel particular shared pathology and shared therapy indication. This might be due to the BPC 157 therapy advantages, its particular capabilities, cytoprotection[1] as a particular vascular effect[2], wound healing[5], and neuroprotection[6,33]. These implemented its particular additional cytoprotective capabilities[1], and thereby, in the severe vessel and multiorgan failure occlusion/occlusion-like syndrome[2], the prompt particular activation of the collateral pathways (i.e., azygos vein direct blood flow delivery) rapidly occurred as resolving key, and recovery of the muscle disturbances, striated, smooth, and heart failure recovery as whole[3,4]. 
As mentioned, very recently, in the surgically perforated stomach, the stable gastric pentadecapeptide BPC 157 therapy, which locally immediately restored vessels, counteracted bleeding and contracted perforated defect, and eventually, leads to complete healing (day 7), and fewer adhesions, unlike the failed effect of the standard anti-ulcer agents[10]. Now, given the complexity of the stomach perforation lesions, given the general syndrome simultaneously progressing peripherally and centrally, some additional particular parallel effects of its therapy might be further demonstrated[1-6]. Considering the stomach perforation as the part or cause of the occlusion/occlusion-like syndrome of the vascular and multiorgan failure[11-24] might better define the whole emergency made by perforation injury. Previously, in the occlusion/occlusion-like syndrome studies[11-24], with consistently evidenced BPC 157 therapy resolving effect[11-24] due to particular activation of collateral pathways, reported were the counteractions of the severe lesions in the brain and intracerebral and intraventricular hemorrhage, heart (congestion, infarction, and arrhythmias), hemorrhage and congestion in the lung, liver, kidney and gastrointestinal tract. BPC 157 therapy effect included the attenuation/elimination of the blood pressure disturbances, (intracranial superior sagittal sinus), portal and caval hypertension, and aortal hypotension). Arterial and venous thrombosis peripherally and centrally were almost annihilated; congested inferior caval and superior mesenteric vein, collapsed azygos vein as failed major vessels were recovered to rescuing pathways organization[11-24]. Together, on the one hand, these were summarized as rapidly acting Virchow triad circumstances, and on the other hand, as rapidly acting, “key bypassing” therapy with BPC 157 application[11-24], and likely, they might occur rapidly also in the rats after stomach perforation[10]. As particular damaging points appeared the variety of the major vessel occlusion (inferior caval vein, infrarenal and suprahepatic[11,12], portal vein and hepatic artery[13], superior mesenteric vein[14,15] and artery[15,16], superior sagittal sinus[17], both carotid arteries[18], and cauterized episcleral veins[19]). A variety of other similar severe procedures appeared as additional particular points, i.e., myocardial infarction and re-infarction induced by isoprenaline[21], bile duct occlusion acute pancreatitis[23], severe intra-abdominal hypertension mechanically maintained[20], and the intoxication with endothelium damaging agents, alcohol[24] or lithium[22] prototype agent in bipolar disorders, in particular, all as occlusion/occlusion-like syndrome[20-24].
As an important conceptual point to combine all these lesions and to resolve the shared therapy, the prototype ulcerogenic procedure in cytoprotection studies, the absolute alcohol intragastric instillation[24], was one of the innate injury models readily combined with full occlusion/occlusion-like syndrome[11-24]. Thereby, the resolution of the prime lesion and the resolution of the whole syndrome might be evidence of the full cytoprotective effect of the BPC 157 therapy. As the perforated defect is direct damage analogous to the intragastric alcohol-induced direct damage[10,24] (Robert’s lesion by direct contact[7]), it represents an analogous prototype lesion and an essential hallmark in cytoprotection studies[10]. Thereby, the therapy for the perforated stomach defect mandated the resolution of the full occlusion/occlusion-like syndrome to be achieved as in the previous studies[11-24]. Thus, in cytoprotection terms, in the perforated stomach defect[10], the advantageous effect of the BPC 157 therapy, to the same wide extent, might likely occur. Nevertheless, the resolving intragastric alcohol stomach lesions and full occlusion/occlusion-like syndrome might be the successful therapy effects[10] (i.e., activated azygos vein to provide direct blood delivery and inferior caval vein-superior caval vein rescuing pathway[2]) suited for generalization[11-24] of the activated collateral pathways occurring as resolving key.
Conceptually, within the standard view and standard cytoprotection agents, the recovery of the perforated stomach defect[10] may be still outside of the cytoprotection concept although born in the stomach[2]. Cytoprotection has essential theoretical and practical points (i.e., holding direct epithelial cell protection[7,8], beneficial effect on other organs[7] (cytoprotection→organoprotection)[34]; direct endothelium cell protection[9], and endothelial maintenance→epithelial maintenance[7-9]). However, these could be hardly assumed to recover a perforated stomach[10] within the standard cytoprotective agents[1,2] as limited more to the prophylaxis, not therapy effect[7-9]. On the other hand, BPC 157 therapy, based on the noted effects[1-6], thereby, may be proof of the corresponding significance (i.e., the counteraction of the leaky gut syndrome[35], and free radical scavenging activity in the various tissues[35-37]). It may be that the rapid upgrading of the minor vessel to take over and compensate for the function of the failed major vessels, and the specific activation of the collateral pathways, are highlights of the innate cytoprotection function[1-6] as an effective cytoprotection mediator. As native and stable in human gastric juice, it may take the continuous maintenance of the stomach and gastrointestinal mucosa integrity, thereby, the pleiotropic beneficial effect occurred[1-6] (including the recovery of the muscle disturbances, striated, smooth, and heart failure recovery as a whole[3,4]). As such, it might be easily applicable as therapy and might override limitations known for the standard cytoprotective agents[1-9] and contribute to the recovery of stomach perforation as both local and general (occlusion/occlusion-like syndrome) disturbance. These might be particular effects in the vascular studies[11,13-16,21,22,26,35-37], given its special interaction with nitric oxide (NO)-system[29,38-40], thrombocytes[40-42] and many molecular pathways[43-52] (i.e., the counteraction of tumor-induced muscle cachexia and the signaling process implicated in cancer cachexia)[49].
On the other hand, whatever the cause, there were all organ lesions, progressing venous/arterial thrombosis/stasis, peripherally and centrally, all counteracted by BPC 157 therapy application. As additional proof of the concept, the ECG disturbances, intracranial (superior sagittal sinus) hypertension, portal and caval hypertension, and aortal hypotension were eliminated/attenuated[11-24]. Accordingly, given the considerable blood volume that might be trapped with(in) failed vessels[11-24], there might be also a comparable syndrome that might be also induced rapidly with the stomach perforation as the initial injury[10]. Likewise, in the rats with stomach perforation, along with the therapy effect realized locally in the perforated stomach[10], BPC 157 therapy’s particular beneficial effect might be realized with the rapid upgrading of the minor vessel to take over and compensate the function of the failed major vessels, making possible the specific activation of the collateral pathways, as before[11-24]. Thus, the activated azygos vein (and thereby, direct blood flow delivery from the inferior to the superior caval vein) might serve as a “bypassing vascular key” taking general significance (for review see[11-24]) to recover otherwise imminent occlusion/occlusion-like syndrome also in rats with the perforated stomachs.
For this purpose, given its cytoprotective stomach capability to counteract the whole imminent occlusion/occlusion-like syndrome, and brain lesions, in particular[11-24], we used the calvariectomized rats, for direct monitoring, and the BPC 157 therapy was given directly into the perforated stomach defect. We focused on the subsequent presentation of the stomach and the presentation of the brain swelling and all organ lesions. Then, progressing venous/arterial thrombosis/stasis, peripherally and centrally, were all counteracted by BPC 157 therapy application. These were along with attenuation/elimination of the arrhythmias, intracranial (superior sagittal sinus) hypertension, portal and caval hypertension, and aortal hypotension. Thus, full therapy effects were determined during the essential early period.

MATERIALS AND METHODS
Animals
Male Albino Wistar rats, 200 g bw, kept under standard laboratory conditions, were randomly assigned at 6 rats/group/interval for all experiments, approved by the Local Ethic Committee, carried out under a blind protocol, and the effects evaluated by the examiners who were unaware of the applied protocol.

Drugs
Stable gastric pentadecapeptide BPC 157 (GEPPPGKPADDAGLV, molecular weight 1419; Diagen, Slovenia), was used in dose and application regimens described previously (i.e., without the use of a carrier or peptidase inhibitor) (for review see[1-6]).

Experimental protocol
In deep anesthesia [40 mg/kg thiopental (Rotexmedica, Germany) and 10 mg/kg diazepam (Apaurin; Krka, Slovenia) intraperitoneally] rats underwent complete calvariectomy[17], and laparotomy at 15 min thereafter, and to induce rapid vascular failure and concomitant general and peripheral occlusion/occlusion-like syndrome, stomach perforation was performed as described before[10,17]. Sacrifice was at 15 min or 60 min post-perforation time.
At 5 min post-perforation time, rats received therapy [BPC 157 (10 µg or 10 ng/kg) or saline (5 mL/kg, 1 mL/rat) (controls)] into the perforated defect in the stomach.
Before the procedure, after perforation, after therapy application, and before sacrifice, recordings [camera attached to a VMS-004 Discovery Deluxe USB microscope (Veho, United States)] of brain swelling, corresponding presentation of the peripheral vessels (azygos vein, superior mesenteric vein, portal vein, and inferior caval vein), and organ lesions, were as in our vascular studies[11-24], and assessed as before[11-24]. At all the indicated time points until the end of the 15-min period stomach defect closing or widening (both as % of the presentation immediately before therapy) was assessed as described[10].
In a separate group of animals, the stomach perforation-induced bleeding as bleeding time from the perforation(s) was assessed throughout the 15 min, given the quite short time after perforation available as described[10]. Immediately after perforation induction, rats received BPC 157 (10 µg or 10 ng/kg) or saline (5 mL/kg, 1 mL/rat) (controls) as therapy applied to the perforated defect in the stomach.

Superior sagittal sinus, portal, caval vein, and abdominal aorta pressure recording
The recording procedure in rats was described in detail in our previous vascular studies[11-24]. At 15 min and 60 min post-perforation time, under deep anesthesia, a cannula (BD Neoflon™ Cannula) connected to a pressure transducer (78534C MONITOR/ TERMINAL; Hewlett Packard, United States), inserted into the portal vein, inferior caval vein and superior sagittal sinus, as well as the abdominal aorta at the level of the bifurcation.
Accordingly[11-24], -24 mmHg to -27 mmHg values of superior sagittal sinus pressure were in healthy rats. The 3-5 mmHg values were considered normal in portal pressure in healthy rats. Similar to that were in the inferior vena cava, though with values at least 1 mmHg higher in the portal vein. Abdominal aorta blood pressure values of 100-120 mmHg at the bifurcation level were considered normal in healthy rats.

ECG recording
In rats under deep anesthesia, before the procedure, and in post-perforation time (i.e., after stomach perforation, after therapy application, and before sacrifice), precise recordings, measurements, and analysis of ECG parameters (PQ intervals, QTc, heart frequency) as specifically described[11-24] were with ECGs recorded continuously for all three main leads, by positioning stainless steel electrodes on all four limbs using an ECG monitor with a 2090 programmer (Medtronic, United States) connected to a Waverunner LT342 digital oscilloscope (LeCroy, United States)[11-24].

Thrombus assessment
After rats’ sacrifice, the clots were weighed when the superior sagittal sinus, and peripherally the portal vein, inferior caval vein, and abdominal aorta were removed[11-24].

Brain volume, heart, and vessel volume presentation
We applied the procedure used in our previous vascular studies[11-24]. Brain volume and vessel volume and heart volume or stomach volume were proportional to the change in the brain or vessel or heart or stomach surface area. The presentation of the brain and peripheral vessels (superior mesenteric vein, inferior caval vein, and azygos vein) was recorded in deeply anesthetized rats, with a camera attached to a VMS-004 Discovery Deluxe USB microscope (Veho, United States). The border of the brain (or vessels, or heart or stomach) in the image was marked using ImageJ software and then the surface area of the brain (or veins, or heart or stomach) was measured. This was done with brain (or veins or stomach) images for healthy rats, and then/or for both the control (saline) group and treated (BPC 157) group of rats at the same intervals after the application and at the time of sacrifice. The arithmetic mean of the surface areas was calculated for both groups. Then, the ratio of these two areas was calculated as (Acon/Abpc), where Acon is the arithmetic mean brain (or veins) area of the control group and Abpc is the arithmetic mean brain (or veins or heart or stomach) area of the treated group. Starting from the square-cube law equations[1,2], an equation for the change in brain (or veins, or heart, or stomach) volume proportional to the change in brain surface area (or veins, or heart, or stomach)[6] was derived. In expressions[1-5], “l” is defined as any arbitrary one-dimensional length of the brain (for example rostro-caudal length of the brain) (or veins or heart or stomach), used only for defining the one-dimensional proportion (l2/l1) between two observed brains (or veins or heart or stomach) and as an inter-factor (and because of that not measured[6]) for deriving final expression[6].
The procedure was as follows: (1) A2 = A1 × (l2/l1)2 (square-cube law); (2) V2 = V1 × (l2/l1)3 (square-cube law); (3) A2/A1 = (l2/l1)2 [from (1), after dividing both sides by A1]; (4) l2/l1 = (A2/A1)1/2 [from (3), after taking the square root of both sides]; (5) V2/V1 = (l2/l1)3 [from (2), after dividing both sides by V1]; and (6) V2/V1 = [(A2/A1)1/2]3 [after incorporating expression (4) into equation (5)].

Gross assessment of gastrointestinal lesions
In rats laparatomized under anesthesia, gross lesions in the gastrointestinal tract and in the stomach (sum of the longest diameters, mm) assessment was with the camera attached to a VMS-004 Discovery Deluxe USB microscope (Veho, United States) before sacrifice as described before[11-24].

Microscopy 
As described in the previous studies[11-24], evaluation was done by light microscopy using an Olympus 71 digital camera and an Olympus BX51 microscope (OLYMPUS Europa SE & CO. KG). Digital images were saved as uncompressed 24-bit RGB TIFF files using the software program AnalySIS (Olympus Soft Imaging System GmbH, Munster, Germany). The field size was measured and marked with a manufacturer's default scale bar in the software program AnalySIS (Olympus Soft Imaging System GmbH, Munster, Germany). Representative tissue specimens (i.e., the brain, liver, kidney, stomach, small and large intestine, lungs, and heart taken at the end of the experiment, fixed in 10% neutral buffered formalin (pH 7.4) at room temperature for 24 h) were embedded in paraffin, sectioned at 4 μm, stained with hemalaun and eosin.

Brain histology: As described in the previous studies[11-24], the brain was dissected according to NTP-7, at levels 3 and 6 with neuroanatomic subsites presented in certain brain sections using coronal sections with three mandatory sections. We used a semiquantitative neuropathological scoring system, and the sum of analyzed affected areas (0-4) (i) and karyopyknotic cells in the brain areas (0-4) (ii) making (i)+(ii) a combined score (0-8), as follows: (1) Specifically affected brain areas [cerebral (NTP-7, level 3), cerebellar cortex (NTP-7, level 6), hippocampus, thalamus, and hypothalamus (NTP-7, level 3)] were scored (0-4), (score 0 indicates no histopathologic change), as follows. Small, patchy, complete, or incomplete infarcts (≤ 10% of the area affected) represented score 1. Partly confluent or incomplete infarcts (20%-30% of the area affected) represented score 2. Large confluent complete infarcts (40%-60% of the area affected) represented score 3. In the cortex total disintegration of the tissue, in the hypothalamus, thalamus, and hippocampus large complete infarcts (> 75% of the area affected) represented score 4; and (2) Analyzed were karyopyknotic cells in the affected brain areas (0-4) (score 0 indicates no change), cerebral (NTP-7, level 3), cerebellar cortex (NTP-7, level 6), hippocampus, thalamus, and hypothalamus (NTP-7, level 3) as follows: A few karyopyknotic of neuronal cells (≤ 20%, score 1); patchy areas of karyopyknotic cells (50%, score 2); more extensive karyopyknotic areas (75%, score 3); complete infarction (100%, score 4). Brain tissue hemorrhage was obtained estimating a percentage of affected areas. Intraventricular hemorrhage was noted as present or absent.
We also assessed the neuronal pathological changes in acquired digital images saved as uncompressed 24-bit RGB TIFF files in the software program AnalySIS (Olympus Soft Imaging System GmbH, Munster, Germany) performing quantitative analysis of neuronal damage in the karyopyknotic areas. The neurons of the cortical cerebral, cerebellar region, hippocampus, and hypothalamus were counted in 10 different high-powered fields (HPF, 400 ×) and 3 to 5 serial sections of each sample were used to do the count as described[53]. The field size was 0.24 μm2.
We used four criteria for the estimation of the edema: Pale myelin, the sieve-like appearance of myelinated areas, dilation of perivascular and pericellular spaces, and vacuolar appearance of the neuropil of gray matter. Edema was graded as heavy, moderate, slight, or no edema (score 0-3)[54].

Lung histology: The same scoring system as in the previous studies[11-24] was used to grade the degree of lung injury in lung tissue analysis. Each of the features (i.e., focal thickening of the alveolar membranes, congestion, pulmonary edema, intra-alveolar hemorrhage, interstitial neutrophil infiltration, and intra-alveolar neutrophil infiltration) was scored (0-3) as absent (0) or present a mild (1), moderate (2), or severe (3) degree and a final histology score were determined.

Renal, liver, and heart histology: The same scoring system as in the previous studies[11-24] was used to grade renal (i.e., the degeneration of Bowman’s space and glomeruli, degeneration of the proximal and distal tubules, vascular congestion, and interstitial edema), liver (i.e., vacuolization of hepatocytes and pyknotic hepatocyte nuclei, activation of Kupffer cells, and enlargement of sinusoids) and heart (i.e., dilatation and congestion of blood vessels within the myocardium and coronary arteries) histology. Each specimen was scored using a scale ranging from 0-3 (0: none, 1: mild, 2: moderate, and 3: severe) for each criterion, and a final histology score was determined (0: none, 1: mild, 2: moderate, and 3: severe).

Gastrointestinal histology: As in previous studies[11-24], we used a histologic scoring scale adapted from Chui and coworkers[55] for the stomach tissue damage scoring 0-5 (normal to severe) in three categories (mucosal injury, inflammation, hyperemia/hemorrhage) for a total score of 0 to 15, as described by Lane and coworkers[56]. Illustratively, the assessment included morphologic features of mucosal injury (i.e., different grades of epithelial lifting, villi denudation, and necrosis), inflammation (i.e., focal to diffuse according to lamina propria infiltration or subendothelial infiltration), and hyperemia/hemorrhage (i.e., focal to diffuse according to lamina propria or subendothelial localization).

Statistical analysis
Statistical analysis was performed by parametric one-way analysis of variance (ANOVA), with the Newman-Keuls post-hoc test or the non-parametric Kruskal-Wallis test and subsequently the Mann-Whitney U test to compare groups. Values are presented as the mean ± SD and as the minimum/median/maximum. To compare the frequency difference between groups, the chi-squared test or Fischer’s exact test was used. P < 0.05 was considered statistically significant.

RESULTS
Along with the recently described stomach perforation course notated in the injured stomach, particular vascular failure (vessels “disappear”/empty), prolonged bleeding, debilitated defect large widening[10], stomach perforation consistently induced the vascular and multiorgan failure, progressing thrombosis, intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension. These were fully compatible with the general occlusion/occlusion-like syndrome occurring peripherally and centrally. There were also cause-consequence lesions in the brain (swelling, hemorrhage), heart (congestion), lung (hemorrhage), congestion in the liver, kidney, and gastrointestinal tract, arrhythmias, and vessel failure, peripherally and centrally. Noteworthy, the vascular failure studies confirmed similar occlusion/occlusion-like syndromes induced by major vessel occlusion or other similar noxious procedures such as alcohol or lithium intoxication, myocardial infarction, acute pancreatitis, intra-abdominal hypertension that all severely affect endothelium function[11-24].
With counteraction by BPC 157 therapy, beneficial effects were along with those noted before in the healing of the perforated defect (raised vessel presentation; less bleeding, defect contraction) comparable to the previous BPC 157 therapy of the mentioned occlusion/occlusion-like syndromes. A common key finding to recovering rats with perforated stomachs that might break instantly the injurious circle might be the prompt and sustained activation of the azygos vein direct blood flow delivery as the particular effect of the stable gastric pentadecapeptide BPC 157 therapy application. Consistently attenuated/counteracted intracranial (superior sagittal sinus) hypertension and aortal hypotension, major arrhythmias, progressing arterial and vein thrombosis, lesions in the brain, heart, lungs, liver, kidneys, and gastrointestinal tract)[11-24] all prove counteraction of whole occlusion/occlusion-like syndrome.

A perilous syndrome occurred peripherally and centrally
Blood pressure disturbances: In the rats with perforated stomachs, the rapidly presented, portal and caval hypertension, and even more the intracranial (superior sagittal sinus) hypertension (gross brain swelling) as well as the aortal hypotension were markedly attenuated by BPC 157 application. This might be a cause-consequence relation relevant to the effectiveness of the therapy application as BPC 157 reduced consistently blood pressure disturbances that were otherwise induced rapidly by similar occlusion/occlusion-like syndromes. This includes a peripheral presentation (portal and caval hypertension, aortal hypotension) as well an even more central presentation (superior sagittal sinus hypertension, Table 1).

Thrombosis
After perforation of the stomach, as a shared effect with other occlusion/occlusion-like syndromes, in the rats with perforated stomachs, thrombosis was rapidly presented, progressing peripherally in veins (i.e., portal and inferior caval vein) as well as in arteries (i.e., abdominal aorta) and centrally (i.e., superior sagittal sinus). Contrary, with BPC 157 therapy thrombosis was promptly reduced both peripherally and centrally (Table 1) as the effective cause-consequence course of the therapy both peripherally and centrally.

Stomach presentation
As before with the application of the BPC 157 as a bath in the abdominal cavity, which might beneath the damaged stomach[10], the application of the BPC 157 directly into the injured stomach through the perforated defect, might rapidly reduce the defect size. Illustratively, given the perforation defect size ratio (%) after therapy/before therapy, considerable widening of the perforated defect occurred in the controls (235 ± 56 and 255 ± 66, at 15 min and 60 min after perforation, respectively). Contrarily, there was a marked shrinking of the defect after BPC 157 therapy (75 ± 8, 65 ± 8, BPC 157 10 μg at 15 min and 60 min perforation-time; 80 ± 8, 75 ± 8, BPC 157 10 ng at 15 min and 60 min perforation-time, P < 0.05, at least vs control). Likewise, accordingly with previous findings[10], the bleeding time (sec) was also reduced in BPC 157 treated rats (i.e., 100 ± 8 in controls vs 50 ± 8 BPC 157 10 μg and 55 ± 7 BPC 157 10 ng, P < 0.05, at least vs control). In addition, with BPC 157 therapy into the perforated defect, upon volume application instead of volume-induced dilatation as regular finding in the rats with the perforated stomach, the whole stomach reacted with marked shrinking (Table 2, Figure 1).

Collateral pathways, blood vessels, and brain gross presentation: All rats with perforated stomachs without therapy converge to the similar failed effects consistently noted with other occlusion/occlusion-like syndromes. Indicatively for a not functioning common clue (lack of activation of collateral pathways) might be the failed azygos vein, superior mesenteric vein, inferior caval vein, and abdominal aorta. We used their disturbed presentation as indicative illustrations (Figure 2) to envisage the failed collateral pathways presentation.
On the other hand, the attenuation of blood pressure disturbances, peripherally and centrally, we perceived as an effect of BPC 157 along with progressing thrombosis fully counteracted in all vessels investigated, veins and arteries, peripherally and centrally (Table 1). Thus, the major vessel failure and blood stasis, the particular vessels recruitment might compensate. Peripherally, note the rescued presentation of the superior mesenteric vein and inferior caval vein as well as the activated azygos vein, and thereby the heart as well (Figure 2), and centrally, note brain swelling rapidly disappeared (Figure 3). Thus, with BPC 157 therapy, advanced collateral pathways presentation occurred as a key therapy effect.
The relative volume of the brain, heart, azygos vein, superior mesenteric vein, and inferior caval vein might summarize the harmful event of the stomach perforation and subsequent deleterious worsening (swollen brain, congested superior mesenteric vein and inferior caval vein for the congested lung, liver, kidney and gastrointestinal tract and heart failure) (Table 3, Figures 2 and 3). On the other hand, vice versa, relative volume change might clearly indicate the strong therapy effect of the BPC 157 application, and reversal toward the normal vessels (presentation close to normal of the superior mesenteric vein and inferior caval vein that had been over-congested), likely due to the activation of the azygos vein (direct blood delivery) that had been failed. Heart dilatation was reversed. Likewise, the brain swelling was rapidly reversed. Note, upon sacrifice, ex vivo, the control/treated brain volume ratio (%) reached for BPC 157 10 µg or 10 ng/kg (P < 0.05, at least vs control) 120 ± 4 and 122 ± 4 at 15 min and 123 ± 4 and 121 ± 4 at 60 min after perforation.

Heart and ECG disturbances: Commonly, in the procedure with the stomach perforation, BPC 157 therapy counteracted the whole noxious chain of events (i.e., continuous tachycardia along with prolonged PQ prolonged and QTc intervals) (Table 4). Tachycardia, QTc intervals or PQ intervals disturbances were regularly attenuated or absent in all BPC 157-treated rats.

A perilous syndrome occurred peripherally
Gastrointestinal, lung, liver, kidney, and heart lesions: In the untreated rats, all of the post-perforation intervals consistently expressed the particular lesion severity evidenced in the affected organs (Figures 4-7, Table 5). Also, the evidenced intracranial (superior sagittal sinus), portal, and caval hypertension, aortal hypotension, progressed thrombosis, peripherally and centrally, failed collateral recruitment, and ECG disturbances may together indicate a common clue that might be failed. Thereby, there is the immediate impact of the activated collateral pathway that the reduced severity of lesions by BPC 157 therapy evidently occurred along with the reduced intracranial (superior sagittal sinus), portal, and caval hypertension, and reduced aortal hypotension, counteracted ECG disturbances. Thus, BPC 157 therapy appeared as part of the cause-consequence therapeutic course.

Gastrointestinal lesion: Transmural hyperemia of the stomach wall in the control group with marked mucosal congestion at perforation’s margins (Figure 4, Table 5). No congestion of the stomach wall in the BPC 157 group, and only mild mucosal congestion was at the stomach perforation’s margins (Figure 5, Table 5).

Heart: Severe myocardial congestion was commonly noted in all the control rats. Contrarily, in rats treated with BPC 157, these lesions were completely annihilated (Figures 6 and 7, Table 5). These findings were along with counteracted heart dilatation and counteracted ECG disturbances (Tables 3 and 4, Figure 2).

Lung: Without therapy, focal thickening of the alveolar membranes occurred, lung congestion, pulmonary edema, and severe intra-alveolar hemorrhage. Contrarily, BPC 157 rats exhibited only mild congestion in lung parenchyma (Figures 6 and 7, Table 5).

Liver: Severe enlargement of sinusoids with liver congestion occurred in all control rats, while BPC 157 exhibited no changes in liver parenchyma (Figures 6 and 7, Table 5).

Kidney: Severe vascular congestion and mild interstitial edema occurred in all control rats. Contrarily, no changes were found in renal parenchyma in BPC 157 treated rats (Figures 6 and 7, Table 5).

A perilous syndrome occurred centrally
Brain lesions, cerebral and cerebellar cortex, hypothalamus/thalamus, and hippocampus: All of the control rats with perforated stomachs converge to a similar brain lesion (Figures 7 and 8, Table 6) indicating a common clue that might be failed. Namely, these occurred along with intracranial (superior sagittal sinus), portal, and caval hypertension, aortal hypotension, progressed thrombosis, peripherally and centrally, failed collateral recruitment, disturbed ECG presentation, and peripheral organs lesion. The brain swell (Figure 3) occurred with the increased intracranial (superior sagittal sinus) hypertension in the immediate and prolonged post-application-period. These rats with perforated stomachs exhibited marked edema and congestion in neocortical brain tissue with an increased number of karyopycnotic nuclei of cortical neurons, marked edema, and an increased number of karyopycnotic nuclei of cerebellar Purkinje cells. Marked edema and congestion in the hypothalamic area appeared with an increased number of karyopycnotic cells. Marked edema and an increased number of karyopycnotic nuclei occurred also in the hippocampal area.
Contrarily, with BPC 157 therapy, there was a marked reduction of intracranial (superior sagittal sinus) hypertension (and elimination of portal and caval hypertension). These went along with the counteracted brain swelling (Figure 3). BPC 157-treated rats had only mild edema in the neocortex, no change in cerebellar Purkinje cells, only a few karyopycnotic cells in the hypothalamic area, and no change in the hippocampal area (Figures 8 and 9, Table 6).
In summary, in rats with stomach perforation after BPC 157 therapy, in either of the regimens (µg, ng, and intragastrically), there was an immediate effect on the perforated stomach (i.e., decreased bleeding, shrinking of the defect and whole stomach). At the same time, rats rapidly exhibited markedly attenuated portal and caval hypertension, and superior sagittal sinus hypertension, ameliorated aortal hypotension, and had no ECG disturbance, almost annihilated venous and arterial thrombosis, both peripherally and centrally. They had reduced or eliminated central and peripheral organ lesions, in the brain, heart, lung, liver, kidney, and gastrointestinal tract. Gross assessment (i.e., rapid counteraction of the brain swelling, counteraction of the heart dilatation), and microscopic assessment (i.e., myocardial congestion completely annihilated) support each other. Thus, BPC 157 therapy suggests that the consistent antagonization exerted probably takes place as a network of interrelated beneficial effects. The reversal of the failed vessel presentation (i.e., inferior caval and superior mesenteric vein severely congested; azygos vein collapsed) might be the key finding of an activated particular collateral pathway responsible for the noted beneficial effects. The rescued and activated azygos vein may combine in rats the inferior caval vein and the left superior caval vein, and may effectively reorganize blood flow.

DISCUSSION
In the rats with surgically perforated stomachs, Robert’s direct injury[10] and occlusion/occlusion-like syndrome[11-24] occur as a particular model for cytoprotection studies[1,2]. Thus, the success of the BPC 157 therapy given directly into the perforated defect might likely resolve several cytoprotection issues.
As expected, we evidenced complete correspondence between the perforated stomach-induced occlusion/occlusion-like syndrome and the intragastric alcohol-induced stomach injuries and whole occlusion/occlusion-like syndrome equally presented in rats[24]. Thereby, the correspondence between the BPC 157 therapy resolving the immediate course after alcohol intragastric application and BPC 157 therapy resolving the immediate course after stomach perforation in the rats, might support each other effect. These findings (i.e., effectively applied directly into the perforated defect) are consistent with BPC 157 as a novel cytoprotection mediator native to and stable in human gastric juice rapidly acting to maintain gastrointestinal mucosa integrity, capable to induce a general beneficial effect as well[1-6]. In the rats with perforated stomachs, there was the counteraction of the immediate triad, particular vascular failure (vessels “disappear”/empty), prolonged bleeding, and a large widening of the debilitated defect[10]. Without therapy, these might fairly extend an unresolved local cytoprotection stomach issue to the rapidly emerging severe widespread syndrome occlusion/occlusion-like syndrome as the general cytoprotection failure[10-24]. As a follow-up, the therapy essentially represents the resolution of the perforated stomach defect as the innate vascular and multiorgan failure like that which might occur during the major vessel occlusion and other alike noxious procedure application, occlusion/occlusion like-syndrome[11-24]. Consequently, this implies a wide range of the therapy effect as with the other occlusion/occlusion-like syndromes[11-24], as the perforation of the stomach in the occlusion/occlusion-like syndrome course might be rapidly complicated with the severe lesions. These lesions could be widespread in the brain with intracerebral and intraventricular hemorrhage, heart (congestion, arrhythmias), hemorrhage and congestion in the lung, liver, kidney and gastrointestinal tract. As proof of the therapy concept might be the attenuated/eliminated blood pressure disturbances[10-24]. Otherwise, the blood pressure disturbances occurred instantly (intracranial (superior sagittal sinus) hypertension (grossly, immediate brain swelling), portal and caval hypertension, and aortal hypotension). These might mean the perpetuating noxious circle, initiated peripherally/centrally hampered healing, but successfully reversed by the therapy effects. This might be illustrative, as the stomach perforation combines the arterial and venous thrombosis, peripherally and centrally, failed major vessels (i.e., congested inferior caval and superior mesenteric vein, collapsed azygos vein). Consequently, as in other occlusion/occlusion-like studies[11-24], the almost annihilated thrombosis, vessels presentation close to normal (inferior caval vein, superior mesenteric vein), and activated azygos vein (direct blood flow delivery) (thus stasis eliminated) might verify that Virchow triad circumstances are resolved (and thereby, attenuated/eliminated bleeding/attenuated/eliminated thrombosis). Thus, such therapy might provide an adequate resolution at both local and general levels as the perforation regularly goes with the failed spontaneous cytoprotection maxim endothelial maintenance→epithelial maintenance[7-9], failed upgrading of the minor vessels as a whole, and the widespread rapidly acting Virchow triad circumstances[10-24].
Previously, in the surgically perforated stomach, BPC 157 therapy might have particular effects[10]. Illustrating these particular effects, BPC 157 reversed to the normal healthy values in the stomach tissue surrounding the defect the otherwise increased malondialdehyde- and decreased NO-values. Likewise, already in very early post-perforation-time, BPC 157 may act beneficially in the perforated stomach lesion throughout NO- and prostaglandinds-system[10], two of the essential cytoprotection systems[1-6], as shown in the findings of the mRNA expression studies (Cox2, VEGFa, Nos1, Nos 2, Nos3, Nkap (NF-kappa-B activating protein gene)), done at that very early post-perforation-time. These might be the maintenance of the proper function of the entirety of the NO-system. There was the release of the NO by its own[29,38-40,47,48], counteraction of the adverse effects of L-NAME (i.e., L-NAME-hypertension[38] and pro-thrombotic[40] effect), counteraction of the adverse effects of L-arginine (i.e., L-arginine-hypotension[39] and anti-thrombotic[40] effect). These suggested a modulatory effect (thereby, counteraction of NOS-blockade and counteraction of NOS-over-stimulation)[29,38-40,47,48] controlling vasomotor tone and the activation of the Src-Caveolin-1-eNOS pathway[47,48]. Thrombocyte function was maintained (i.e., without interfering with coagulation pathways)[40-42]. Counteraction of all adverse effects of NSAIDs[30] includes acting as membrane stabilizers and counteracted leaky gut [26] and acting as free radical scavengers, particularly in vascular studies[11,13-16,21,22,26,35-37]. The therapy effect on NSAIDs is widespread, including both nonspecific NSAIDs[26,41,42,57-61] and specific NSAID[62]. In particular, there BPC 157 may cure stomach lesions that regularly were perforated or about to perforate[58-60]. Furthermore, the healing of the fistula may be an important analogy for the perforated lesions healing, as “two sides” wounds[63], and BPC 157 may cure both external[64-66], and internal[67-69] fistulas in rats.
Summarizing, the findings presented in the rats with perforated stomachs and occlusion/occlusion-like syndrome might demonstrate how the initial cytoprotective effect (stomach epithelium maintenance) is translated to the systemic or generalized cytoprotection to many other organs (organoprotection) where the vascular endothelium might be the possible target, as it had been long-ago envisaged[34]. The local effect of the BPC 157 therapy in the stomach (i.e., immediately restored stomach vessels (vessels filled/reappeared, “run” toward the defect), counteracted bleeding and contracted perforated defect, and later, complete healing (day 7), and fewer adhesions[10]), might be, at the same time, consistently translated into the rapid beneficial effect on the whole syndrome. There, BPC 157 therapy application counteracted all organs lesions, progressive venous/arterial thrombosis/stasis, peripherally and centrally, along with the ECG disturbances, intracranial (superior sagittal sinus) hypertension, portal and caval hypertension, and aortal hypotension eliminated/attenuated[10-24]. Thus, the particularly activated azygos vein (direct blood flow delivery), and minor vessel upgrading might provide a consistent basis for the demonstrated pleiotropic beneficial effect as cytoprotection endothelial maintenance→epithelial maintenance maxim as general cytoprotective (organoprotective) effect. This may implement and reorganize blood flow and instantly attenuate the consequences of maintained perforation occlusion/occlusion-like syndrome-induced vascular and multiorgan failure[10-24]. Along with the activated azygos vein, the congested inferior caval vein and superior mesenteric vein were quickly reversed to the normal vessel presentation. These highlight the inferior caval vein-superior caval vein via azygos vein as rescuing pathway, portal and caval hypertension eliminated, aortal hypotension attenuated, thrombosis almost annihilated, as congestion in the lung, liver, kidney, and gastrointestinal tract markedly attenuated or even eliminated[10-24]. Note, BPC 157 might specifically maintain the function of thrombocytes[42], without affecting coagulation pathways, as shown by aggregometry and thromboelastometry studies. There, BPC 157, given with aspirin, clopidogrel, or cilostazol in rats, counteracted their inhibitory effects on aggregation activated by arachidonic acid, ADP, collagen, and arachidonic acid/PGE1[42]. These findings might be responsible for the attenuation of the bleeding from the perforated defect, and lack of hemorrhage in other organs (i.e., brain and lung) and thrombosis, peripherally and centrally, attenuated/eliminated[10-24]. These particular points might be along with the beforementioned particular modulatory effect on NO-system function (either NO-reduction or NO-overload can be harmful), opposing mentioned both NO-reduction (L-NAME-adverse effects) and NO-overload (L-arginine-adverse effects)[29,38-40]. Besides, BPC 157 therapy has particular wound healing capabilities (thereby, a distinctive effect on all four major events in clot formation and dissolution) as a cytoprotective agent’s essential effect that realized the healing process for ruptured blood vessels as a whole[5]. Thus, BPC 157 therapy might have this innate distinctive effect on all four major events in clot formation and dissolution and the therapy effects might be used in distinctive ways depending on the given injury and time of agent application[5,41]. As mentioned, these combined effects (attenuated/eliminated bleeding/attenuated/eliminated thrombosis) occurred as consistent findings commonly seen in the BPC 157 therapy of the counteraction of the occlusion/occlusion-like syndromes (intracerebral and intraventricular, and internal organs hemorrhage/progressive thrombosis, peripherally and centrally)[10-24]. This might accord with the evidence that BPC 157 therapy might reverse heart failure as a whole, including arrhythmias and thrombosis[3,4] which was also noted in the rats with stomach perforation.
Thereby, the BPC 157 therapy given into the perforated defect initiates a consistent chain of events verified by immediate counteraction of the gross brain swelling, and attenuated intracranial (superior sagittal sinus) hypertension as the upgraded venous system, adequately resolving the anatomical imbalance in venous drainage, which would thereby not occur[10-24]. Centrally, evidencing rapid counteraction of such venous and intracranial hypertension[14-17,20-24] reveals successful resolution, ability to drain venous blood adequately for a given cerebral blood inflow without rising venous pressures, and harmful inability resolved. As specifically shown in the maintained intra-abdominal hypertension studies[20], the three interconnected body cavities[14-17,20-24] require the venous system upgraded so that these might act peripherally (i.e., perforated defect), centrally (i.e., huge intraventricular hemorrhage), and then peripherally and centrally, and centrally and peripherally. Otherwise, if the venous system is not adequately upgraded, the disturbances may be rapidly transmitted through the venous system from the periphery to centrally, and from centrally to the periphery. Consequently, given the upgraded venous system, rats with BPC 157 therapy may smoothly sustain without major harm even the conditions of severe grade III and grade IV intra-abdominal hypertension[20]. Likely, the BPC 157 therapy’s effect in the rats with perforated stomachs might also effectively operate and might accommodate the particular central/peripheral and peripheral/central equation[10-24] to counteract perforated defect[10]. Note, with BPC 157 therapy into the perforated defect, upon volume application instead of volume-induced dilatation as regular finding in the rats with the perforated stomach, the whole stomach reacted with marked shrinking. This finding might be a sign of the rapid smooth muscle stomach function recovery and might occur along with noted smooth muscle function recovery (i.e., various sphincters to counteract esophagitis development[36,57,70-74], urinary incontinence[35,67,75], pupil dysfunction, miosis[76] and mydriasis[76] (in particular in glaucoma therapy[19]). Likewise, the rapid smooth muscle stomach function might be along with the recovery as rapid adaptation following injury (i.e., short bowel rats)[77]. Thus, as proof of the concept, peripherally and centrally, BPC 157 therapy might rapidly overwhelm Virchow triad circumstances, which are otherwise commonly presented in the rats with perforated stomach occlusion/occlusion-like syndrome as in the rats with occlusion/occlusion like syndromes induced with major vessel(s) occlusion or application of other similar noxious procedures[10-24].
By doing so, the pleiotropic lesions counteraction in the studies of the perforated stomach and other vascular occlusion/occlusion-like syndromes[10-24], was particular cytoprotection/organoprotection background of the cytoprotective agents’ innate activity. This cytoprotection/organoprotection background of the cytoprotective agent might be also in the previous non-vascular studies since there was a particular counteraction of the lesions in the brain[57-62,78,79], lung[80-83], liver[57-62,79,84-86], kidney[87-89] and gastrointestinal tract[26,57-62,73], and in particular, the counteraction of the heart arrhythmias and infarction[83,90-95]. Together, these findings might suggest a particular regulatory role.
Finally, we envisaged the perforated defect as direct damage, and prototype lesion that as such should be the core hallmark in cytoprotection studies[10]. This might be further indicative for additional implementation of the cytoprotection concept into the whole occlusion/occlusion-like syndrome[10-24], and demonstration of the therapeutic potential of the stable gastric pentadecapeptide BPC 157, in particular, and cytoprotective agents in general. In conclusion, it might be the cytoprotection phenomenon with application in distinctive injuries, analogous to, if not identical with, that which might occur during major vessel occlusion and application of other alike noxious procedures[10-24]. Furthermore, it might be that in both cases, the same agent - pentadecapeptide BPC 157, also suggested being the novel cytoprotection mediator as native and stable in human gastric juice, easily applicable[1-6]-might be responsible for the effect. The investigated and counteracted lesions all attenuated/eliminated might provide full support[10-24]. The attenuated/eliminated lesions, brain swelling, and lesions, heart dysfunction, lung lesions, liver and kidney failure, gastrointestinal lesions, widespread arterial and venous thrombosis, and vessel failure, each as the ultimate outcome of the tightly interconnected network, suggests that stomach perforation-induced occlusion/occlusion syndrome was resolved in all cause-consequence terms. The additional support might provide the counteraction of the severe intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension, and ECG disturbances fully counteracted as well. Finally, BPC 157 was found in human fetuses and adult in various tissues (i.e., gastrointestinal mucosa, lung bronchial epithelium, the epidermal layer of the skin, and kidney glomeruli) (in situ hybridization and immunostaining)[5,96]. Consequently, as evidenced by the resolution of the complex occlusion/occlusion-like syndrome[10-24], BPC 157 may have a regulatory physiologic role in bodily functions. Similar importance was suggested also for other species (i.e., birds[72] and insects[97,98])based on the alike beneficial effects. A very safe BPC 157 profile supports a LD1 not achieved in toxicological studies and clinical trials (ulcerative colitis, phase II) without adverse effects (for review see[1-6,29,30,96]). This favorable point was recently confirmed in a large study conducted by Xu and collaborators[99]. Finally, very recently, the essential point, rapid functional improvement of minor vessels to take over the function of disabled major vessels, reorganize blood flow, and compensate failed vessel function when confronted with major vessel occlusion and vascular failure was supplemented with Fourier transform infrared spectroscopy evidence[100]. Illustratively, there was an increased capability of the rat thoracic aorta to function even in the worst circumstances due to the rapid change in the lipid contents and protein secondary structure conformation produced instantly by BPC 157 therapy[100].

CONCLUSION
Together, these findings, providing firm evidence of the suited models (i.e., perforated stomach-occlusion/occlusion-like syndrome)[1-6,29,30,96] may be suggestive for further BPC 157 therapy application. Besides, such an experimental design strongly emphasizes the need for patients to receive timely treatment, providing that in general with full medical care life-threatening situations rarely occur.

ARTICLE HIGHLIGHTS
Research background
Taking stomach perforation as a prime direct injury regularly used in cytoprotection studies, as a new insight in resolving the full extent of the cytoprotection issue, there is the rapid progression of severe occlusion/occlusion-like syndrome considerably complicating the course following stomach perforation in rats. Otherwise, such occlusion/occlusion-like syndrome may suffer rats with permanent occlusion of the major vessel(s), veins and/or arteries, peripherally and centrally, and rats who underwent similar noxious procedures that all severely affect endothelium function. There were cause-consequence lesions in the brain (intracerebral and intraventricular hemorrhage), heart (congestion), lung (hemorrhage), congestion in the liver, kidney, and gastrointestinal tract, arrhythmias, vessel failure (congested inferior caval and superior mesenteric vein, collapsed azygos vein), and blood pressure disturbances (intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension), and widespread thrombosis, peripherally and centrally.

Research motivation
In occlusion/occlusion-like syndromes, stable gastric pentadecapeptide BPC 157 was recognized as counteracting therapy, and has already presented in recent reviews (Curr Med Chem 2023; 30: 1568-1573; World J Gastroenterol 2022; 28: 23-46). In the rats with perforated stomachs, and subsequent occlusion/occlusion-like syndrome, we emphasized the cytoprotection potential of the stable gastric BPC 157 as native and stable in gastric juice, thought to play the role of cytoprotection mediator maintaining stomach mucosa integrity. As a particular clue recognized also in the counteraction of stomach perforation-induced occlusion/occlusion-like syndromes, there was activation of collateral pathways depending on the injury, locally (raised vessel presentation; less bleeding, defect contraction) and systemically. Accordingly, BPC 157 therapy induced direct blood delivery from the inferior caval vein to the superior caval vein via the azygos vein. Application of the BPC 157 therapy (10 µg/kg and 10 ng/kg) into the perforated defect, induced immediate shrinking and contraction of the whole stomach. Simultaneously, there were attenuated/eliminated intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension. Thrombosis, peripherally (inferior caval vein, portal vein, abdominal aorta) and centrally (superior sagittal sinus) BPC 157 therapy markedly reduced/annihilated, and the severe lesions in the brain, heart (congestion and arrhythmias), lung (hemorrhage and congestion) and marked congestion in the liver, kidney and gastrointestinal tract markedly reduced. In conclusion, with stomach perforation severe occlusion/occlusion-like syndrome, and rapid progression peripherally and centrally, the rapid counteraction should be by BPC 157 therapy.

Research objectives
The first objective was stomach perforation presentation in rats as severe occlusion/occlusion-like syndrome, peripherally and centrally. The second objective was rapid counteraction by BPC 157 therapy.

Research methods
In deeply anesthetized rats underwent calvariectomy, stomach perforation was performed and rats received BPC 157 therapy or saline into the defect in the stomach. Then, in addition to assessing shrinking and contraction/enlargement of the whole stomach, the assessment (gross and microscopy, volume) was as in the occlusion/occlusion-like studies and included all points regularly analyzed. Assessed were swollen brain, failed peripheral vessels (azygos vein, superior mesenteric vein, portal vein, inferior caval vein) and heart, other organs lesions (i.e., stomach, defect closing or widening); intracranial (superior sagittal sinus), portal and caval hypertension, aortal hypotension; clots peripherally and centrally; ECGs; and bleeding time from the perforation(s).

Research results
BPC 157 effects accord with the beneficial effect noted before in the healing of the perforated defect (raised vessel presentation; less bleeding, defect contraction) and in the occlusion/occlusion-like syndromes. In rats with perforated stomachs, BPC 157 therapy (10 µg/kg and 10 ng/kg) given into the perforated defect, induced immediate shrinking and contraction of the whole stomach (unlike saline-induced immediate stomach considerable enlargement). There were cause-consequence lesions all eliminated/attenuated by BPC 157 therapy (i.e., direct blood flow delivery via azygos vein). There were eliminated/attenuated lesions in the brain (i.e., swelling, hemorrhage), heart (congestion), lung (hemorrhage), congestion in the liver, kidney, and gastrointestinal tract, arrhythmias, and blood pressure disturbances (intracranial (superior sagittal sinus), portal and caval hypertension, and aortal hypotension). Counteracted was major vessel failure (i.e., reversal of congested inferior caval vein and superior mesenteric vein, collapsed azygos vein), and eliminated widespread thrombosis, peripherally and centrally.

Research conclusions
Stomach perforation occurred as severe occlusion/occlusion-like syndrome, peripherally and centrally. Rapid counteraction was by BPC 157 therapy. Thereby, further BPC 157 therapy may be warranted.

Research perspectives
Stomach perforation as severe occlusion/occlusion-like syndrome needs immediate additional medical attention. There, BPC 157, as a prototype cytoprotective agent, should be also considered as further therapy.
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Figure Legends
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Figure 1 Stomach illustrative presentation. A and E: Before procedure; B and F: After perforation before therapy; C and D: Course after given therapy into the perforated defect, saline; G and H: BPC 157. Control rats: (1) Before procedure (normal rats, A); (2) after perforation before therapy application (B); (3) after saline application (1 mL/rat into the perforated defect in the stomach) (C and D), immediately thereafter (C); and (4) later (at 5 min following medication, D). BPC 157 rats: (1) Stomach before perforation (normal rats, E); (2) after perforation, but before BPC 157 therapy application (F), and (3) specifically after BPC 157 application (10 µg or 10 ng/kg, 1 mL/rat into the perforated defect in the stomach, G and H), immediately thereafter (G), and later (at 5 min following medication, (H).
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Figure 2 Vessels and heart illustrative presentation. A, C, D, G: In the control rats (light color arrows); B, E, F, H: In the BPC 157 rats (dark color arrows); superior mesenteric vein (red arrows), inferior caval vein (blue arrows), aorta (green arrows), azygos vein (yellow arrows), and heart (G and H).
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Figure 3 Brain illustrative presentation in the rats with perforated stomach. A, C, E, G: Control rats before perforation (A); after perforation (C, E, G), before saline medication (C), specifically after saline application (5 mL/kg, 1 mL/rat into the perforated defect in the stomach; E and G), immediately thereafter (E), and later after sacrifice (G); B, D, F, H: BPC 157 rats before perforation (B); after perforation (D, F, H), before BPC 157 medication (D), specifically after BPC 157 application (10 µg or 10 ng/kg, 1 mL/rat into the perforated defect in the stomach, capitals; F, H), immediately thereafter (F), and later after sacrifice (H).
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Figure 4 Stomach histology and control. A-F: Margins of the stomach perforation showed mucosal congestion. Transmural hyperemia of the stomach wall at the margins of the stomach perforation and in the rest of the stomach wall (A, E). HE staining: Magnification 20 × (A, B), magnification 100 × (C-E), magnification 200 × (F).
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Figure 5 Stomach histology, BPC 157. A-F: Margins of the stomach perforation showed only mild mucosal congestion. No congestion was found in the rest of the stomach wall (A and E). HE staining: Magnification 20 × (A and B), magnification 40 × (C-E), and magnification 100 × (F).
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Figure 6 Following stomach perforation, illustrative microscopy presentation of the organ lesion in saline-treated rats (control). A and B: Cerebral cortex, increased edema and congestion in the cerebral cortex. Severe cerebral hemorrhage of the neocortex; C: Heart, severe congestion within the myocardium; D: Lung, focal thickening of the alveolar membrane, lung congestion, pulmonary edema, and severe intra-alveolar hemorrhage; E: Liver, marked congestion of liver parenchyma with dilatation of blood vessels in portal tracts, central veins, and sinusoids; F: Kidney, a renal parenchyma showed severe vascular congestion and mild interstitial edema. HE staining: Magnification 40 ×.
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Figure 7 Following stomach perforation, illustrative microscopy presentation of the organs lesion in BPC 157 treated rats. A and B: Cerebral cortex, no edema and congestion in the cerebral cortex. Small cerebral hemorrhage of the neocortex; C: Heart, no changes; D: Lung, only mild congestion in the lung parenchyma; E: Liver, no changes; F: Kidney, no changes. HE staining: Magnification 40 ×.
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Figure 8 Neocortex, cerebellum, and neuropathological changes. A: In the control group marked edema and congestion in the neocortical brain tissue of the control animal with an increased number of karyopycnotic nuclei of cortical neurons; B: Only mild edema was found in the neocortex in BPC 157 treated animals; C: Edema and an increased number of karyopycnotic nuclei of the cerebellar Purkinje cells in the control animals; D: No changes were found in BPC 157 treated animals. HE staining: Magnification 400 ×.
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Figure 9 Hypothalamus, hippocampus, neuropathological changes. A: In the control group marked edema and congestion in the hypothalamic area of control animals with brain tissue of control animal with an increased number of karyopycnotic cells; B: Only a few karyopycnotic cells in BPC 157 treated animals; C: Edema and increased number of karyopycnotic nuclei of the hippocampal area were noted in the control animals; D: While no changes were found in BPC 157 treated animals. HE staining, magnification 400 ×.

Table 1 Blood pressures and thrombosis in rats at 15 min and 60 min following stomach perforation
	Application of the 1 mL/rat through the perforated defect in the injured stomach at 5 min following perforation
	Blood pressures and thrombosis in rats at 15 min and 60 min following stomach perforation

	
	15 min
	60 min

	Superior sagittal sinus pressure, mmHg, mean ± SD

	Control
	9 ± 1
	8 ± 1

	BPC 157 10 μg/kg
	-3 ± 1a
	-1 ± 1a

	BPC 157 10 ng/kg
	-1 ± 1a
	-2 ± 1a

	Portal pressure, mmHg, mean ± SD

	Control
	16 ± 2
	17 ± 1

	BPC 157 10 μg/kg
	9 ± 1 a
	9 ± 1a

	BPC 157 10 ng/kg
	9 ± 1 a
	8 ± 1a

	Caval pressure, mmHg, mean ± SD

	Control
	15 ± 1
	15 ± 1

	BPC 157 10 μg/kg
	8 ± 1
	9 ± 1a

	BPC 157 10 ng/kg
	7 ± 1
	9 ± 1a

	Aortal pressure, mmHg, mean ± SD

	Control
	42 ± 5
	45 ± 7

	BPC 157 10 μg/kg
	75 ± 4a
	72 ± 5a

	BPC 157 10 ng/kg
	80 ± 5a
	78 ± 7a

	Superior sagittal sinus, thrombus mass, g, mean ± SD

	Control
	0.0012 ± 0.0005
	0.0022 ± 0.0009

	BPC 157 10 μg/kg
	0 ± 0a
	0 ± 0a

	BPC 157 10 ng/kg
	0 ± 0a
	0 ± 0a

	Portal vein, thrombus mass, g, mean ± SD

	Control
	0.0034 ± 0.0006
	0.0056 ± 0.0008

	BPC 157 10 μg/kg
	0.0010 ± 0.0005a
	0.0020 ± 0.0005a

	BPC 157 10 ng/kg
	0.0010 ± 0.0007a
	0.0018 ± 0.0006a

	Inferior caval vein, thrombus mass, g, mean ± SD

	Control
	0.0039 ± 0.0007
	0.0061 ± 0.0008

	BPC 157 10 μg/kg
	0.0002 ± 0.0001a
	0.0003 ± 0.0001a

	BPC 157 10 ng/kg
	0.0008 ± 0.0001a
	0.0005 ± 0.0002a

	Abdominal aorta, thrombus mass, g, mean ± SD

	Control
	0.0044 ± 0.0007
	0.0063 ± 0.0009

	BPC 157 10 μg/kg
	0 ± 0a
	0 ± 0a

	BPC 157 10 ng/kg
	0 ± 0a
	0 ± 0a


aP < 0.05, at least vs control.
Blood pressures (intracranial (superior sagittal sinus), portal and caval hypertension and aortal hypotension, mmHg), and thrombosis (thrombus mass, g) in rats at 15 min and 60 min following perforation of the stomach. Saline (5 mL/kg) (control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min thereafter.


Table 2 Relative volume of the stomach of the heart, azygos vein, in rats at 5 min and 15 min following stomach perforation
	0 min
	5 min
	5 min
	15 min

	Relative volume (healthy/perforation, %) of the stomach in rats immediately after perforation
	Application of the 1 mL/rat through the perforated defect in the injured stomach at 5 min following perforation
	Relative volume (healthy/perforation, healthy/perforation + therapy, %) of the stomach, in rats at 5 min and 15 min following stomach perforation

	Relative volume (healthy/perforation, %) of the stomach, mean ± SD
	Medication
	Relative volume (healthy/perforation + therapy, %) of the stomach, mean ± SD

	100 ± 3
	Saline 5 mL/kg (control)
	114 ± 2a,b
	118 ± 2a,b

	100 ± 2
	BPC 157 10 μg/kg
	87 ± 5a,b,c
	76 ± 8a,b,c

	101 ± 2
	BPC 157 10 ng/kg
	81 ± 7a,b,c
	79 ± 9a,b,c


aP < 0.05, at least vs healthy.
bP < 0.05, at least vs immediately after perforation.
cP < 0.05, at least vs corresponding control at the time of the assessment.
Relative volume (healthy/perforation, healthy/perforation + therapy, %) of the stomach of the heart, azygos vein, in rats at 5 min and 15 min following stomach perforation. Saline (5 mL/kg, control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min after perforation.


Table 3 Relative volume of the brain, inferior caval vein, and superior mesenteric vein, and relative volume of the heart, azygos vein, in rats at 15 min and 60 min following stomach perforation
	0 min
	5 min
	15 min
	60 min

	Relative volume (healthy/perforation, %) of the brain, heart, azygos vein, inferior caval vein, superior mesenteric vein, and abdominal aorta in rats immediately after perforation
	Application of the 1 mL/rat through the perforated defect in the injured stomach at 5 min following perforation
	Relative volume (healthy/perforation, healthy/perforation + therapy, %) of the brain, inferior caval vein, and superior mesenteric vein, and relative volume (control/treated, %) of the heart, azygos vein, in rats at 15 min and 60 min following stomach perforation

	Relative volume (healthy/perforation) (%) of the brain, mean ± SD
	Medication
	Relative volume (healthy/perforation + therapy, %) of the brain, mean ± SD

	116 ± 3a
	Saline 5 mL/kg (control)
	124 ± 2a,b
	124 ± 2a,b

	120 ± 2a
	BPC 157 10 μg/kg
	100 ± 1b,c
	99 ± 2b,c

	121 ± 2a
	BPC 157 10 ng/kg
	101 ± 3b,c
	100 ± 1b,c

	-
	Relative volume (control/treated, %) of the heart, mean ± SD

	
	BPC 157 10 μg/kg
	137 ± 4c
	141 ± 5c

	
	BPC 157 10 ng/kg
	136 ± 3c
	138 ± 4c

	
	Relative volume (control/treated, %) of the azygos vein, mean ± SD

	
	BPC 157 10 μg/kg
	66 ± 6c
	58 ± 7c

	
	BPC 157 10 ng/kg
	64 ± 4c
	54 ± 8c

	
	Relative volume (healthy/perforation + therapy, %) of the inferior caval vein, mean ± SD

	130 ± 3a
	Saline 5 mL/kg (control)
	164 ± 8a,b
	174 ± 9a,b

	128 ± 4a
	BPC 157 10 μg/kg
	98 ± 2b,c
	100 ± 2b,c

	126 ± 4a
	BPC 157 10 ng/kg
	100 ± 3b,c
	99 ± 1b,c

	
	Relative volume (healthy/perforation + therapy, %) of the superior mesenteric vein, mean ± SD

	180 ± 5a
	Saline 5 mL/kg (control)
	204 ± 8a,b
	212 ± 9a,b

	188 ± 9a
	BPC 157 10 μg/kg
	96 ± 6b,c
	99 ± 7b,c

	186 ± 8a
	BPC 157 10 ng/kg
	98 ± 6b,c
	101 ± 1b,c


aP < 0.05, at least vs healthy.
bP < 0.05, at least vs immediately after perforation.
cP < 0.05, at least vs corresponding control at the time of the assessment.
Relative volume (healthy/perforation, healthy/perforation + therapy, %) of the brain, inferior caval vein, and superior mesenteric vein, and relative volume (control/treated, %) of the heart, azygos vein, in rats at 15 min and 60 min following stomach perforation. Saline (5 mL/kg) (control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min after perforation.


Table 4 ECG changes, PQ interval, QTc interval, msec, heart frequency, beats/min, in rats at 15 min and 60 min following stomach perforation
	Application of the 1 mL/rat through the perforated defect in the injured stomach at 5 min following perforation
	ECG changes in rats at 15 min and 60 min following stomach perforation

	
	15 min
	60 min

	
	PQ interval, msec mean ± SD

	Control
	64 ± 5
	67 ± 6

	BPC 157 10 μg/kg
	50 ± 5a
	50 ± 5a

	BPC 157 10 ng/kg
	50 ± 5a
	50 ± 5a

	
	QTc interval, msec, mean ± SD

	Control
	312 ± 10
	347 ± 10

	BPC 157 10 μg/kg
	180 ± 10a
	188 ± 10a

	BPC 157 10 ng/kg
	185 ± 10a
	183 ± 10a

	
	Heart frequency, beats/min, mean ± SD

	Control
	530 ± 30
	550 ± 30

	BPC 157 10 μg/kg
	375 ± 10 a
	360 ± 10a

	BPC 157 10 ng/kg
	385 ± 10 a
	365 ± 10a


aP < 0.05, at least vs control.
ECG changes, PQ interval, QTc interval, msec, heart frequency, beats/min, in rats at 15 min and 60 min following stomach perforation. Saline (5 mL/kg, control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min thereafter.


Table 5 Lesions scored microscopically (heart, lung, liver, kidney, stomach), or macroscopically (stomach, in rats at 15 min and 60 min following stomach perforation
	Application of the 1 mL/rat through the perforated defect in the injured stomach at 5 min following perforation
	Lesions scored microscopically (heart, lung, liver, kidney, stomach, small and large intestine), or macroscopically (stomach), in rats at 15 min and 60 min following stomach perforation

	
	15 min
	60 min

	
	Heart (scored 0-3, min/med/max)

	Control
	3/3/3
	3/3/3

	BPC 157 10 μg/kg
	0/0/0a
	0/0/0a

	BPC 157 10 ng/kg
	0/0/0a
	0/0/0a

	
	Lung (scored 0-3, min/med/max)

	Control
	3/3/3
	3/3/3

	BPC 157 10 μg/kg
	1/1/1a
	1/1/1a

	BPC 157 10 ng/kg
	1/1/1a
	1/1/1a

	
	Liver (scored 0-3, min/med/max)

	Control
	3/3/3
	3/3/3

	BPC 157 10 μg/kg
	0/0/0a
	0/0/0a

	BPC 157 10 ng/kg
	0/0/0a
	0/0/0a

	
	Kidney (scored 0-3, min/med/max)

	Control
	3/3/3
	3/3/3

	BPC 157 10 μg/kg
	0/0/0a
	0/0/0a

	BPC 157 10 ng/kg
	0/0/0a
	0/0/0a

	
	Stomach (scored 0-15, min/med/max)

	Control
	5/5/5
	4/5/5

	BPC 157 10 μg/kg
	1/1/1a
	1/1/1a

	BPC 157 10 ng/kg
	1/1/1a
	1/1/1a


aP < 0.05, at least vs control.
Lesions scored microscopically (heart, lung, liver, kidney, and stomach), or macroscopically (stomach, in rats at 15 min and 60 min following stomach perforation. Saline (5 mL/kg, control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min thereafter.


Table 6 Lesions were assessed microscopically (cerebrum, cerebellum, hypothalamus, hippocampus), in rats at 15 min and 60 min following stomach perforation
	Application of the 1 ml/rat through the perforated defect in the injured stomach at 5 min following perforation
	Lesions scored microscopically cerebrum, cerebellum, hypothalamus, and hippocampus in rats at 15 min and 60 min following stomach perforation

	
	15 min
	60 min

	
	Cerebrum (scored 0-8, min/med/max); percentage of karyopycnotic cells (%), mean ± SD

	Control
	2/2/2; 30 ± 5
	2/2/2, 35 ± 5

	BPC 157 10 μg/kg
	0/1/1a, 5 ± 5a
	0/1/1a, 5 ± 5a

	BPC 157 10 ng/kg
	0/1/1a, 5 ± 5a
	0/1/1a, 5 ± 5a

	
	Neuronal damage in the karyopyknotic areas, %, mean ± SD (10 HPF, 400 ×)

	Control
	39 ± 5
	42 ± 4

	BPC 157 10 μg/kg
	2 ± 2a
	3 ± 2a

	BPC 157 10 ng/kg
	2 ± 2a
	2 ± 2a

	
	Hemorrhage (% of total area), mean ± SD

	Control
	30 ± 2
	25 ± 2

	BPC 157 10 μg/kg
	5 ± 2a
	5 ± 2a

	BPC 157 10 ng/kg
	
	

	
	Edema (scored 0-3, min/med/max)

	Control
	37683
	37683

	BPC 157 10 μg/kg
	1/1/1a
	1/1/1a

	BPC 157 10 ng/kg
	1/1/1a
	1/1/1a

	
	Cerebellum (scored 0-8, min/med/max); percentage of karyopycnotic cells (%), mean ± SD

	Control
	1/2/2, 13 ± 5
	1/1/1, 15 ± 5

	BPC 157 10 μg/kg
	0/0/1a, 5 ± 5a
	0/0/1a, 5 ± 5a

	BPC 157 10 ng/kg
	0/0/1a, 5 ± 5a
	0/0/1a, 5 ± 5a

	
	Neuronal damage in the karyopyknotic areas (%), mean ± SD (10 HPF, 400 ×)

	Control
	27 ± 4
	23 ± 5

	BPC 157 10 μg/kg
	0 ± 0a
	0 ± 0a

	BPC 157 10 ng/kg
	0 ± 0a
	0 ± 0a

	
	Hemorrhage (% of total area), mean ± SD

	Control
	0 ± 0
	0 ± 0

	BPC 157 10 μg/kg
	0 ± 0
	0 ± 0

	BPC 157 10 ng/kg
	0 ± 0
	0 ± 0

	
	Edema (scored 0-3, min/med/max)

	Control
	37683
	37318

	BPC 157 10 μg/kg
	0/0/1a
	0/0/1a

	BPC 157 10 ng/kg
	0/0/1a
	0/0/1a

	
	Hippocampus (scored 0-8, min/med/max); percentage of karyopycnotic cells (%), mean ± SD

	Control
	37289
	36924

	
	25 ± 3
	28 ± 2

	BPC 157 10 μg/kg
	0/0/0a, 0 ± 0a
	0/0/0a, 0 ± 0a

	BPC 157 10 ng/kg
	0/0/0a, 0 ± 0a
	0/0/0a, 0 ± 0a

	
	Neuronal damage in the karyopyknotic areas (%), mean ± SD (10 HPF, 400 ×)

	Control
	23 ± 2
	24 ± 3

	BPC 157 10 μg/kg
	0 ± 0a
	0 ± 0a

	BPC 157 10 ng/kg
	0 ± 0a
	0 ± 0a

	
	Hemorrhage (% of total area), mean ± SD

	Control
	0 ± 0
	0 ± 0

	BPC 157 10 μg/kg
	0 ± 0
	0 ± 0

	BPC 157 10 ng/kg
	0 ± 0
	0 ± 0

	
	Edema (scored 0-3, min/med/max)

	Control
	37683
	37318

	BPC 157 10 μg/kg
	0/0/0a
	0/0/0a

	BPC 157 10 ng/kg
	0/0/0a
	0/0/0a

	
	Hypothalamus (scored 0-8, min/med/max); percentage of karyopycnotic cells (%), mean ± SD

	Control
	2/2/2, 31 ± 3
	1/1/1, 29 ± 4

	BPC 157 10 μg/kg
	0/0/1a, 5 ± 5a
	0/0/1a, 5 ± 5a

	BPC 157 10 ng/kg
	0/0/1a, 5 ± 5a
	0/0/1a, 5 ± 5a

	
	Neuronal damage in the karyopyknotic areas (%), mean ± SD (10 HPF, 400 ×)

	Control
	24 ± 3
	28 ± 5

	BPC 157 10 μg/kg
	5 ± 2a
	6 ± 3a

	BPC 157 10 ng/kg
	5 ± 2a
	6 ± 3a

	
	Hemorrhage (% of total area), mean ± SD

	Control
	0 ± 0
	0 ± 0

	BPC 157 10 μg/kg
	0 ± 0
	0 ± 0

	BPC 157 10 ng/kg
	0 ± 0
	0 ± 0

	
	Edema (scored 0-3, min/med/max)

	Control
	37683
	37318

	BPC 157 10 μg/kg
	0/1/1a
	0/1/1a

	BPC 157 10 ng/kg
	0/1/1a
	0/1/1a


aP < 0.05, at least vs control.
Lesions were assessed microscopically (cerebrum, cerebellum, hypothalamus, and hippocampus), in rats at 15 min and 60 min following stomach perforation. Saline (5 mL/kg, control) or BPC 157 (10 μg/kg and 10 ng/kg) were given at 5 min thereafter.
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