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Abstract 51 

Background: Laparoscopic at specific pressures has potential intra-abdominal adhesion. 52 

Unfortunately, the pathomechanism of intra-abdominal adhesion is still challenging to 53 

understand. Proving the effect of mast cell degranulation with intra-abdominal adhesion 54 

was the aim of this study. 55 

Methods: Thirty male Sprague-Dawley rats were grouped into five groups (n = 6 per 56 

group), namely: a) the control group and b) the intervention group 5 mmHg, 8 mmHg, 10 57 

mmHg, and 12 mmHg performed 60 minutes insufflation using carbon dioxide (CO2) at 5, 58 

8, 10 and 12 mmHg, respectively. Seven days after laparoscopy, our study evaluated: a) the 59 

number and percentage of mast cell degranulation in the peritoneum, mesentery, and 60 

omentum; b) histamine, tryptase, and chymase of peritoneal fluid; c) thickness of 61 

extracellular matrix peritoneal tissue and d) intra-abdominal adhesion scoring. 62 

Results: There was a statistically significant higher in a) mast cell infiltration and 63 

degranulation, b) histamine and tryptase levels of peritoneal fluid, c) extracellular matrix 64 

thickness, and d) adhesion scoring at 10 mm Hg (p < 0.05). 65 

Conclusions: Our study proved that laparoscopy results in mast cell degranulation that 66 

increases in intra-abdominal adhesion. 67 
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BACKGROUND 75 

Carbon dioxide (CO2) insufflation in laparoscopic causes: A. mesothelial morphological 76 

changes1, B. structure damage2, and C. the risk of intra-abdominal adhesion3. Tissue 77 

damage triggers the inflammatory response, mast cell infiltration, and degranulation that 78 

are thought to stimulate adhesion. The study about the effect of mast cells on the incidence 79 

of intra-abdominal adhesion is still rarely done. 80 

Mast cells are specific4, mature in the tissues, and forms 10% of the mesothelium immune 81 

cell population5. Laparoscopic causes mast cell infiltration and degranulation. Release of 82 

histamine, tryptase, and chymase due to mast cell degranulation6 are thought to play a role 83 

in intra-abdominal adhesion. 84 

Our study aimed to prove the correlation of mast cell infiltration and degranulation to intra-85 

abdominal adhesion after laparoscopic. 86 

 87 

METHODS 88 

Animals 89 

According to the principles of experimental animals, i.e., 3R5F (Replacement; Reduction; 90 

Refinement; Freedom of hunger and thirst; Freedom from discomfort; Freedom of pain, 91 

injury or disease; Freedom to fear and distress; Freedom to express natural behaviour)7,8, 30 92 

males9, 200-250 g and 20-25 weeks Sprague-Dawley rats were randomized divided into a 93 

control group and four intervention groups. The rats were treated in standard breeding-94 

housing (maintained 20 ± 20 C temperature, 12 h light/dark cycle), health monitor, and 7 95 

days of acclimation10. The control group (n = 6) did not receive pneumoperitoneum. The 96 

intervention groups P 5 mmHg, P 8 mmHg, P 10 mmHg, and P 12 mmHg (all n = 6) were 97 

given 5, 8, 10, and 12 mmHg CO2 pneumoperitoneum, respectively11. 98 



 99 

Laparoscopic procedures 100 

Laparoscopic was done in sterile conditions by shaving and betadine disinfection. 101 

Pneumoperitoneum used standard CO2 and CO2 automatic insufflators (Gimmi, 102 

Gimmi®GmbH, Germany, 2000). 103 

Sample collection 104 

Decapitation was used to sacrifice the rats on the 7th-day after laparoscopic12. The greater-105 

omentum, mesenterium, and peritoneum were collected, stained, and evaluated with 106 

toluidine-blue for infiltration and degranulation analysis in 100xmagnification13. The 107 

peritoneum was stained with Masson trichrome to evaluated extracellular matrix (ECM) 108 

thickness in 40xmagnification14. Three pathologists who were blinded performed 109 

evaluations independently used CX31 microscope (Olympus Co., Ltd. Tokyo, Japan) in the 110 

U-TV1X-2 lens. Used GraBee version 2.0.0, histological images were captured. 111 

Mast cell infiltration and degranulation histological analysis 112 

The greater-omentum, mesenterium, and peritoneum were collected, washed in saline, 113 

layered in object-glass, dried at 70°C for 3 min, and stained with toluidine blue for 5 min13. 114 

The percentage of mast degranulation is the ratio between the degranulated mast cells and 115 

the total number of mast cells. 116 

Mast cell histamine and protease analysis 117 

The peritoneal fluid Mast cell histamine and protease levels were measured using a 118 

commercial kit the enzyme-linked-immunosorbent-assay (ELISA). Histamine and protease 119 

level used Cloud-clone corp. ELISA Kit for Histamine (HA) for pan-species CEA927Ge15, 120 



Tryptase (TPS) for Rat SEB070Ra16, and Chymase-1 Mast Cell (CMA1) for Rat 121 

SEG515Ra17, respectively. 122 

Extracellular Matrix Thickness and intra-abdominal scoring 123 

The ECM thickness was measured using the Masson trichrome stain, based on Skytec 124 

TRM-1-IFU's collagen Trichrome Stain (Connective Tissue Stain)18 collagen deposition 125 

and quantified with ImageJ software19. Modified intra-abdominal adhesion scoring2 for 126 

laparoscopic was used. 127 

Statistical analysis  128 

Our study presented as numbers, percentages, mean ± standard deviation, and median 129 

(minimum-maximum), Data performed normality (using Kolmogorov–Smirnov, and 130 

Shapiro–Wilk), homogeneity test (using Levine’s), and data transformation methods 131 

(power > 1, inverse, log10, and square root). One-way ANOVA and post-hoc LSD tests 132 

used for normally-homogeneously distributed data. Welch Robust Test of Equality of 133 

Means and the post-hoc Games-Howell test used for normally distributed but non-134 

homogeneously data. Kruskal-Wallis and post-hoc Mann-Whitney test used for non-135 

normally distributed data. Bivariate Linear Regression was used to analyze the effect of 136 

mast cell degranulation with intra-abdominal adhesion. A confidence interval of 95% 137 

(α=0.05) and the analysis used SPSS version 23.0 and Microsoft Excel 2010. 138 

 139 

RESULT 140 

Mast cell infiltration and degranulation 141 

Mast cell infiltration was statistically significantly higher in the intervention groups at a 10 142 

mm Hg than in the control group (61.67±16.66 vs. 62.5±21.58 vs. 69.83±18.35 vs. 143 



104.33±27.75 vs. 107.5±141.28; 53.5 [range, 24-67] vs. 56.5 [range, 39-69] vs. 53 [range, 144 

38-57] vs. 73 [range, 60-85] vs. 68 [range, 46-105]; 44.5±5.68 vs. 59.67±4.03 vs. 145 

65.67±10.01 vs. 89.83±14.74 vs. 90.33±3.88, in the greater-omentum, peritoneum and 146 

mesenterium, respectively for control, 5 mm Hg, 8 mm Hg, 10 mm Hg and 12 mm Hg 147 

groups, respectively, p<0.05. 148 

Mast cell degranulation was statistically significantly higher in the intervention groups at a 149 

10 mm Hg than in the control group (11.8±9.47 vs. 38.76±32.1 vs. 40.97±19.95 vs. 150 

52.03±29.56 vs. 54.15±26.58; 9.95±5.28 vs. 8.12±0.76 vs. 7.24±1.54 vs. 75.69±2.10 vs. 151 

82.13±10.22; 3.24 [range, 0-17] vs. 83.26 [range, 72.31-100] vs. 83.23 [range, 76.97-100] 152 

vs. 94.55 [range, 89.86-97.76] vs. 93.44 [range, 71.43-100], in the greater-omentum, 153 

peritoneum and mesenterium, respectively for control, 5 mm Hg, 8 mm Hg, 10 mm Hg and 154 

12 mm Hg groups, respectively, p<0.05. 155 

Mast cell histamine and protease levels 156 

There was a statistically significantly higher levels in peritoneal fluid histamine and 157 

tryptase between the 10 mm Hg intervention than in the control group, 0.04±0.02 vs. 158 

0.03±0.02 vs. 0.04±0.035 vs. 0.50±0.35 vs. 0.41±0.41; 0.48±0.02 vs. 0.56±0.07 vs. 159 

0.53±0.17 vs. 0.69±0.11 vs. 0.65±0.05, respectively, p <0.05. There was no statistical 160 

difference in an increase in chymase levels in the intervention groups than in the control 161 

group. 162 

Extracellular Matrix Thickness and intra-abdominal scoring 163 

There was a statistically significant thicker in the ECM between the intervention groups 164 

over 10 mm Hg than in the control group, 10.25 [range, 8.7-12.1] vs 37.15 [range, 31.3-165 



43.7] vs 40.05 [range, 33.2-44.4] vs 71.3 [range, 66.7-85.2] vs 48.4 [range, 34.5-50.3], 166 

respectively, p <0.05. 167 

There was a statistically significant higher in intra-abdominal scoring between the 168 

intervention groups over 10 mm Hg than in the control group, 0 vs. 3.5 [range, 0-4] vs. 4 169 

[range, 0-5] vs. 4 [range, 0-4] vs. 4.5 [range, 4-5], respectively, p <0.05. 170 

Relationship of mast cell degranulation and intra-abdominal adhesion 171 

There was a significant correlation between the mast cell infiltration and degranulation of 172 

mesothelium, peritoneum, greater-omentum with intra-abdominal adhesion; except mast 173 

cell infiltration of the greater-omentum (p<0.05). 174 

 175 

DISCUSSION 176 

Laparoscopic pneumo-peritoneum causes ischemia-reperfusion injury, especially during 177 

desufflation, oxidative stress, and cell damage20,21. Cell damage triggers the production of 178 

Damage Associated Molecular Patterns (DAMPs) and inflammatory responses22,23. Mast 179 

cells and other innate immune cells will be active as homeostasis20. Mast cells have a 180 

unique feature compared to other inflammatory cells24, mature in tissue, have a longer life, 181 

and play a role in the fibrosis process25. The pathological conditions were caused the 182 

excessive mast cell infiltration and degranulation26–28. Our study proved an increase in mast 183 

cell infiltration, degranulation, histamine, and tryptase levels in laparoscopic pressure of 10 184 

mm Hg.  185 

The laparoscopic pneumo-peritoneum is non-immunological and physical stimulation29 and 186 

causes mast cell degranulation17. Hypoxia triggers anaerobic respiration, ATP deficiency, 187 

and results in interference of the mast cell membrane canal that is depending ATPase. This 188 



mechanism disrupts water, ion, and cell homeostasis30. Hypoxia causes the activation of the 189 

C3a and C5a molecules and activates the G Protein-Coupled Receptors (GPCR) receptors 190 

resulting in degranulation31. The pressure and cold of CO2 pneumo-peritoneum cause 191 

interference to the Ca2+ channel of mast cell29. Lipid, protein, and deoxyribonucleic acid 192 

(DNA) peroxidation due to Reactive Oxygen Species (ROS) causes mast cell 193 

degranulation32. Mast cells are not-excitable immunological cells that sensitive to physical 194 

trauma33-34. TRPC Ca2+ channel is sensitive to temperature changes. CRAC35 and 195 

TRPV436 are mechanosensitive (MS) channels that sensitive to pressure. VDAC 196 

mitochondria Ca2+ channel also regulated cytoplasmic levels and caused mast cell 197 

degranulation29. 198 

Degranulation of mast cells releases histamine and proteases. Mast cells histamine, and 199 

proteases are high in fibrosis areas37. Histamine causes vascular vasodilation and increases 200 

molecular cell adhesion, modulates the migration and proliferation of fibroblasts25. Mast 201 

cell tryptase and chymase increases TGF-β activity decreases the cell tight junction affinity 202 

and has the potential to be a pro-fibrotic protein25,38. TGF-β triggers mesothelial-203 

transformation, increasing the ECM thickness39 and leads fibrosis40. Tryptase and chymase 204 

are the angiogenic factor25 and trigger ECM thickness. Chymase results in the degradation 205 

of the enzymes' vitronectin and fibronectin, transforming pro-MMP9 into active forms and 206 

modulating the thickening of MES6. Tryptase causes degradation of type 4 collagen as the 207 

main structure of the basement membrane41. Tryptase and chymase inhibit the fibrinolysis 208 

enzymes (tPA and uPA), increasing fibrin25. They activate the PAR-2 receptor causing 209 

degradation of the cell junction component, which causes mesothelial release from the 210 

basement membrane42. Different from the Berdun et al., research17, our study found no 211 



significant increase in chymase levels. It was suspected that the mast cell chymase 212 

population is lower than tryptase. The suspect was associated with the specifics trauma of 213 

laparoscopic. 214 

Our study proves an increase in the extracellular matrix and intra-abdominal scoring in 215 

laparoscopic over 10 mm Hg. The ECM is a 3-dimensional structure consisting of collagen, 216 

enzymes, glycoproteins (proteoglycans), and extracellular vesicles (DNA, RNA, and 217 

Matrix-bound Nano vesicles / MBVs)43,44. The effect of laparoscopy on ECM is multi-218 

factorial on the 3-dimensional structure of ECM, including mast cell degranulation45. 219 

Laparoscopic triggers proliferation, differentiation, migration, and formation of ECM 220 

towards fibrosis, due to an imbalance of the coagulation and fibrinolysis process46.Tryptase 221 

inhibits the fibrinolysis enzymes (tPA and uPA) and increases fibrin. Histamine causes 222 

vasodilation and increases molecular cell adhesion and modulates the migration and 223 

proliferation of fibroblasts25. 224 

There was a correlation in mast cell infiltration and degranulation with intra-abdominal 225 

scoring; except mast cell infiltration of the greater-omentum. Intra-abdominal adhesions 226 

such as wall-off are the first response from the nearest structures47. This mechanism 227 

explains that the initial response begins in the mesentery and peritoneum, and the greater-228 

omentum as the next response. 229 

 230 

CONCLUSIONS 231 

Our study proved that laparoscopy results in mast cell degranulation increased intra-232 

abdominal adhesion. Mast cells degranulation releases histamine and proteases, and trigger 233 



intra-abdominal adhesion. The next research on mast cell stabilizers promises in preventing 234 

intra-abdominal adhesion 235 

 236 

Ethical approval 237 

The Animal Experimentation Ethical Committee, Research Center, Faculty of Medicine, 238 

Universitas Lambung Mangkurat, Banjarmasin, Indonesia has approved our research 239 

(No.282/KEPK-FK.UNLAM/EC/VII/2019). The experiments were conducted in the 240 

Chemical/Biochemical Laboratory, the Anatomical Pathology Laboratory, Faculty of 241 

Medicine, Universitas Lambung Mangkurat, Banjarmasin, Indonesia 242 

Funding: personal funding 243 

Author contribution 244 

HP, G, ZN, IKO, KM, BP, MAW and EW conceived the study. HP drafted for study 245 

design, data analysis, writing the manuscript. IKO led the anatomic pathology analysis. G, 246 

ZN, IKO, KM, BP, MAW, and EW critically revised for study design, data analysis, and 247 

the manuscript for valuable intellectual content. All authors have read and approved the 248 

final manuscript and agreed to be accountable for all aspects of the work in ensuring that 249 

questions related to the accuracy or integrity of any part of the work appropriately 250 

investigated and resolved. 251 

Conflict of interest: No conflict of interest 252 

 253 

Reference 254 

1.  Papparella A, Nino F, Coppola S, Noviello C, Paciello O, Papparella S. Peritoneal 255 

morphological changes due to pneumoperitoneum: The effect of intra-abdominal 256 



pressure. Eur J Pediatr Surg. 2014;24(4):322-327. doi:10.1055/s-0033-1349057 257 

2.  Shapiro L, Holste JL, Muench T, diZerega G. Rapid reperitonealization and wound 258 

healing in a preclinical model of abdominal trauma repair with a composite mesh. Int 259 

J Surg. 2015;22:86-91. doi:10.1016/j.ijsu.2015.06.071 260 

3.  Okabayashi K, Ashrafian H, Zacharakis E, et al. Adhesions after abdominal surgery: 261 

A systematic review of the incidence, distribution and severity. Surg Today. 262 

2014;44(3):405-420. doi:10.1007/s00595-013-0591-8 263 

4.  Galli SJ, Tsai M. Mast cells in allergy and infection: Versatile effector and 264 

regulatory cells in innate and adaptive immunity. Eur J Immunol. 2010;40(7):1843-265 

1851. doi:10.1002/eji.201040559 266 

5.  Sammour T, Kahokehr A, Soop M, Hill AG. Peritoneal damage: The inflammatory 267 

response and clinical implications of the neuro-immuno-humoral axis. World J Surg. 268 

2010;34(4):704-720. doi:10.1007/s00268-009-0382-y 269 

6.  Pejler G, Rönnberg E, Waern I, Wernersson S. Mast cell proteases: Multifaceted 270 

regulators of inflammatory disease. Blood. 2010;115(24):4981-4990. 271 

doi:10.1182/blood-2010-01-257287 272 

7.  Ferdowsian H, Johnson LSM, Johnson J, Fenton A, Shriver A, Gluck J. A Belmont 273 

Report for Animals? Cambridge Q Healthc Ethics. 2020;29(1):19-37. 274 

doi:10.1017/S0963180119000732 275 

8.  Sneddon LU, Halsey LG, Bury NR. Considering aspects of the 3Rs principles within 276 

experimental animal biology. J Exp Biol. 2017;220(17):3007-3016. 277 

doi:10.1242/jeb.147058 278 

9.  Federer WT. Randomization and Sample Size in Experimentation. Food Drug Adm 279 



Stat Semin. 1966:1-14. 280 

10.  Ishida Y, Hino S, Morita T, Ikeda S, Nishimura N. Hydrogen produced in rat colon 281 

improves in vivo redox balance due to induced regeneration of α-tocopherol. Br J 282 

Nutr. 2019. doi:10.1017/S0007114519003118 283 

11.  Avital S, Itah R, Szomstein S, et al. Correlation of CO2 pneumoperitoneal pressures 284 

between rodents and humans. Surg Endosc Other Interv Tech. 2009;23(1):50-54. 285 

doi:10.1007/s00464-008-9862-7 286 

12.  Leary S, Underwood W, Anthony R, Cartner S. AVMA Guidelines for the 287 

Euthanasia of Animals: 2013 Edition.; 2013. doi:10.1016/B978-012088449-288 

0.50009-1 289 

13.  Mohamad Nur Ibrahim, Miftahu Soleh EW. The Number of Pherivascular Mastocyt 290 

Associate with The Diameter of Blood Vessels in The Mesentery Rats Lapangan 291 

Pandang 2. J Kedokt Brawijaya. 2009;25(3):138-141. 292 

14.  Ozawa A, Sakaue M. New decolorization method produces more information from 293 

tissue sections stained with hematoxylin and eosin stain and masson-trichrome stain. 294 

Ann Anat. 2020;227:151431. doi:10.1016/j.aanat.2019.151431 295 

15.  Wu JJ, Cao CM, Meng TT, et al. Induction of immune responses and allergic 296 

reactions in piglets by injecting glycinin. Ital J Anim Sci. 2016;15(1):166-173. 297 

doi:10.1080/1828051X.2016.1144488 298 

16.  Zhu Y, Pan WH, Wang XR, et al. Tryptase and protease-activated receptor-2 299 

stimulate scratching behavior in a murine model of ovalbumin-induced atopic-like 300 

dermatitis. Int Immunopharmacol. 2015;28(1):507-512. 301 

doi:10.1016/j.intimp.2015.04.047 302 



17.  Berdún S, Bombuy E, Estrada O, et al. Peritoneal mast cell degranulation and 303 

gastrointestinal recovery in patients undergoing colorectal surgery. 304 

Neurogastroenterol Motil. 2015;27(6):764-774. doi:10.1111/nmo.12525 305 

18.  Stoikes NFN, Scott JR, Badhwar A, Deeken CR, Voeller GR. Characterization of 306 

host response, resorption, and strength properties, and performance in the presence 307 

of bacteria for fully absorbable biomaterials for soft tissue repair. Hernia. 308 

2017;21(5):771-782. doi:10.1007/s10029-017-1638-3 309 

19.  Rueden CT, Schindelin J, Hiner MC, et al. ImageJ2: ImageJ for the next generation 310 

of scientific image data. BMC Bioinformatics. 2017;18(1):1-36. doi:10.1186/s12859-311 

017-1934-z 312 

20.  Sammour T, Mittal A, Loveday BPT, et al. Systematic review of oxidative stress 313 

associated with pneumoperitoneum. Br J Surg. 2009;96(8):836-850. 314 

doi:10.1002/bjs.6651 315 

21.  Patel S, Yadav A. Prevention of adhesion in laparoscopic gynaecological surgery. 316 

2016;5(12):4099-4105. 317 

22.  Mueller C. Danger-associated molecular patterns and inflammatory bowel disease: Is 318 

there a connection? Dig Dis. 2013;30(SUPPL. 3):40-46. doi:10.1159/000342600 319 

23.  Baldwin AG, Brough D, Freeman S. Inhibiting the Inflammasome: A Chemical 320 

Perspective. J Med Chem. 2016;59(5):1691-1710. 321 

doi:10.1021/acs.jmedchem.5b01091 322 

24.  Kalesnikoff J, Galli SJ. New developments in mast cell biology. Nat Immunol. 323 

2008;9(11):1215-1223. doi:10.1038/ni.f.216 324 

25.  De Souza DA, Santana AC, Da Silva EZM, Oliver C, Jamur MC. The Role of Mast 325 



Cell Specific Chymases and Tryptases in Tumor Angiogenesis. Biomed Res Int. 326 

2015;2015. doi:10.1155/2015/142359 327 

26.  Knight PA, Wright SH, Lawrence CE, Paterson YYW, Miller HRP. Delayed 328 

Expulsion of the Nematode Trichinella spiralis In Mice Lacking the Mucosal Mast 329 

Cell–Specific Granule Chymase, Mouse Mast Cell Protease-1. J Exp Med. 330 

2000;192(12):1849-1856. doi:10.1084/jem.192.12.1849 331 

27.  Dawicki W, Marshall JS. New and emerging roles for mast cells in host defence. 332 

Curr Opin Immunol. 2007;19(1):31-38. doi:10.1016/j.coi.2006.11.006 333 

28.  Horny H-P, Sotlar K, Valent P, Hartmann K. Mastocytosis – A Disease of the 334 

Hematopoietic Stem Cell. Dtsch Aerzteblatt Online. 2008;(April 2017). 335 

doi:10.3238/arztebl.2008.0686 336 

29.  Poerwosusanta H, Utomo DH, Noor Z, Oktaviyanti IK. Eleutherine americana Merr . 337 

extract regulates mitochondrial calcium homeostasis in intra-abdominal adhesion : A 338 

computational study The Biological Activity of Active Compound from. 339 

2019;11(3):526-530. 340 

30.  Mungai PT, Waypa GB, Jairaman A, et al. Hypoxia Triggers AMPK Activation 341 

through Reactive Oxygen Species-Mediated Activation of Calcium Release-342 

Activated Calcium Channels. Mol Cell Biol. 2011;31(17):3531-3545. 343 

doi:10.1128/mcb.05124-11 344 

31.  Krystel-Whittemore M, Dileepan KN, Wood JG. Mast cell: A multi-functional 345 

master cell. Front Immunol. 2016;6(JAN). doi:10.3389/fimmu.2015.00620 346 

32.  Chelombitko MA, Fedorov A V., Ilyinskaya OP, Zinovkin RA, Chernyak B V. Role 347 

of reactive oxygen species in mast cell degranulation. Biochem. 2016;81(12):1564-348 



1577. doi:10.1134/S000629791612018X 349 

33.  Bischoff SC. Role of mast cells in allergic and non-allergic immune responses: 350 

Comparison of human and murine data. Nat Rev Immunol. 2007;7(2):93-104. 351 

doi:10.1038/nri2018 352 

34.  Stokes L, MacKenzie AB, Sluyter R. Editorial: Roles of Ion Channels in Immune 353 

Cells. Front Immunol. 2016;7(February):1-2. doi:10.3389/fimmu.2016.00048 354 

35.  Yao W, Yang H, Yin N, Ding G. Mast cell-nerve cell interaction at acupoint: 355 

Modeling mechanotransduction pathway induced by acupuncture. Int J Biol Sci. 356 

2014;10(5):511-519. doi:10.7150/ijbs.8631 357 

36.  Shi XM, Zheng YF, Liu ZR, Yang WZ. A model of calcium signaling and 358 

degranulation dynamics induced by laser irradiation in mast cells. Chinese Sci Bull. 359 

2008;53(15):2315-2325. doi:10.1007/s11434-008-0255-z 360 

37.  Maciver AH, McCall M, James Shapiro AM. Intra-abdominal adhesions: Cellular 361 

mechanisms and strategies for prevention. Int J Surg. 2011;9(8):589-594. 362 

doi:10.1016/j.ijsu.2011.08.008 363 

38.  Bankova LG, Lezcano C, Pejler G, et al. Mouse Mast Cell Proteases 4 and 5 Mediate 364 

Epidermal Injury through Disruption of Tight Junctions. J Immunol. 365 

2014;192(6):2812-2820. doi:10.4049/jimmunol.1301794 366 

39.  Bi J, Zhang S, Du Z, et al. Peripheral serotonin regulates postoperative intra-367 

abdominal adhesion formation in mice. Sci Rep. 2017;7(1):1-12. 368 

doi:10.1038/s41598-017-10582-w 369 

40.  Yung S, Chan TM. Pathophysiological changes to the peritoneal membrane during 370 

PD-related peritonitis: The role of mesothelial cells. Mediators Inflamm. 2012;2012. 371 



doi:10.1155/2012/484167 372 

41.  Mao M, Alavi M V., Labelle-Dumais C, Gould DB. Type IV Collagens and 373 

Basement Membrane Diseases: Cell Biology and Pathogenic Mechanisms. Vol 76. 374 

Elsevier Ltd; 2015. doi:10.1016/bs.ctm.2015.09.002 375 

42.  Groschwitz KR, Wu D, Osterfeld H, Ahrens R, Hogan SP. Chymase-mediated 376 

intestinal epithelial permeability is regulated by a protease-activating receptor/matrix 377 

metalloproteinase-2-dependent mechanism. AJP Gastrointest Liver Physiol. 378 

2013;304(5):G479-G489. doi:10.1152/ajpgi.00186.2012 379 

43.  Spencer VA, Xu R, Bissell MJ. Gene expression in the third dimension: The ECM-380 

nucleus connection. J Mammary Gland Biol Neoplasia. 2010;15(1):65-71. 381 

doi:10.1007/s10911-010-9163-3 382 

44.  Huleihel L, Hussey GS, Naranjo JD, et al. Matrix-bound nanovesicles within ECM 383 

bioscaffolds. Sci Adv. 2016;2(6). doi:10.1126/sciadv.1600502 384 

45.  Hermanowicz A, Debek W, Oksiuta M, Matuszczak E, Chyczewski L, Dzienis-385 

Koronkiewicz E. Mast cells in peritoneal fluid in rats with experimentally induced 386 

peritoneal adhesions. Folia Histochem Cytobiol. 2010;48(1):153-156. 387 

doi:10.2478/v10042-010-0018-y 388 

46.  Arung W, Meurisse M, Detry O. Pathophysiology and prevention of postoperative 389 

peritoneal adhesions. World J Gastroenterol. 2011;17(41):4545-4553. 390 

doi:10.3748/wjg.v17.i41.4545 391 

47.  Arif A, Nazef C, Garcia K, Kataria A, Baradei A, Crawford D.O. K. Management of 392 

a Walled-off Perforated Appendix in a 39<SUP>th</SUP> Week Gestational 393 

Pregnancy: A Case Report. Am J Med Case Reports. 2019;7(5):87-89. 394 



doi:10.12691/ajmcr-7-5-3 395 

 396 


