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ABSTRACT  

We aimed to evaluate the role of vascular tone regulators in the 

pathogenesis of necrotizing enterocolitis (NEC) in low birth 

weight (LBW) neonates with moderate/severe hypoxic-

ischemic encephalopathy (HIE). We comparatively analyzed 

the plasma concentrations of mucin 2 (MUC2), nitric oxide 

(NO) and endothelin-1 (ET-1), and fecal human β-defensin 2 

(HBD2) levels of in early postnatal life in 12 infants diagnosed 

with NEC (group 1), 25 neonates without NEC (group 2), and 

20 control infants. The ET-1 and NO concentrations of 

peripheral blood were elevated in both study groups compared 

with control infants (p<0.05). Increased fecal HBD2 levels were 

observed in-group 2 compared with control group infants 

(p<0.05), whereas mean plasma MUC2 concentrations were 

lower in both groups with moderate/severe HIE compared with 

a control group (p<0.05). Spearman’s rank-order correlation 

analysis showed the negative correlation of ET-1 with MUC2 

(r=-0.597; p=0.015) and HBD2 (r=-0.499; p=0.002), while 

there were no relationships between NO and intestinal defense 

markers. It was also found a reliable positive relationship of 

NO/ET-1 balance with MUC2 (r=0.643; p=0.006) and HBD2 

(r=0.611; p=0.005). In conclusion, decreased plasma NO/ET-1 

ratio in the background of impaired intestinal mucosa defense 

can serve as a predictive marker for NEC in LBW infants with 

HIE. 
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INTRODUCTION 

Hypoxia in the antenatal period is a primary cause of numerous disabilities in newborns, 

particularly in infants born with low birth weight (LBW) [1, 2]. Considerable efforts have 

been devoted to evaluating alterations in the neurological, cardiopulmonary and renal 

functions of these infants; however, the intestinal function with regard to hypoxia in the 

neonate has not been completely evaluated3,4. Approximately 55–98% of infants with 

perinatal hypoxic brain injury suffer from different deviations in the gastrointestinal tract  [5]. 

Disorders of the digestive tract are caused by hemodynamic disturbances because of 

centralization of the bloodstream and poor circulation in the internal organs, leading to 

hypoxic damage to the mucosa layer of the gastrointestinal tract, and necrotising enterocolitis 

(NEC) [6-8]. These disorders may be apparent in the first days of life as in the case of early 

complications in the form of paresis, motoric defects, and later complications in the form of 

the vegeto-visceral syndrome, persistent vomiting, and regurgitation [9-10]. Intestinal 

ischemia or hypoxia initially results in mucosal damage of a part of the intestinal wall that is 

the most vulnerable to hypoxia. The protective function of the intestinal mucosal barrier 

depends on the expression and properties of antimicrobial defensive factors such as 

mucins, which are involved in the regulatory system and generate the main chain of host 

defense against pathogens [11-12]. The aforementioned factors are actively expressed in the 

epithelium of the gastrointestinal tract and form the high-molecular-weight viscoelastic layer, 

which is the protective barrier for the mucosal surface of the gastrointestinal tract, 

representing a nourishing environment for vital activity of commensal bacteria of the 

intestine [13-14]. In addition to mucins, defensins play important roles in the formation of the 

gastrointestinal barrier. Defensins have broad-spectrum antimicrobial activity owing to their 

ability to disrupt the structure, function of bacteria and viruses, and participate in the 

stabilization of the mucosal protective layer through interactions with mucins [15]. 

Immature autoregulation of intestinal blood flow demonstrates that preterm infants are 

susceptible to intestinal ischemia. The changes of the intestinal microcirculation due to 

hypoxia-ischemia were reported as an important risk factor for NEC in newborn infants [16].  

Ischemia disturbs the balance in the microvascular tone related to the production of vascular 

regulators such as endothelin-1 (ET-1) and nitric oxide (NO), leads to restriction in blood 

supply and expansion of ischemic intestinal lesions, which likely play an important role in the 

pathogenic cascade of NEC [8,17]. However, in the context of broad investigations 
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confirming the significant effects of NO and ET-1 on the physiology and pathology of 

vascular homeostasis, the implication of ischemia in the pathogenesis of epithelial injury of 

the intestinal tract has not been investigated completely. In this study, we aimed to evaluate 

the role of vascular tone regulators in the formation of the intestinal mucus barrier in LBW 

neonates with hypoxic-ischemic encephalopathy (HIE). We comparatively analyzed the 

expression of specific intestinal protective markers, i.e., plasma mucin 2 (MUC2) and fecal 

human β-defensin 2 (HBD2), and blood markers of endothelial activation, i.e., NO and ET-1, 

in early of postnatal life.  

MATERIALS AND METHODS 

Patients and study design  

This study was conducted in accordance with the approved guidelines of the Azerbaijan 

National Committee on Bioethics and Ethics of Science and Technology, and the study was 

carried out in accordance with the Helsinki Declaration guidelines and regulations.  The 

parents of all of the infants provided written consent for participation in this study after 

receiving complete information on the study’s scope and purpose.  

Thirty-seven LBW preterm infants who had moderate/severe perinatal HIE were enrolled in 

this study and were classified in 2 groups: group 1, infants who presented NEC in the first 7 

days of early postnatal life (n=12); group 2, newborn infants without NEC (n=25). The 

control group (group 3) consisted of 20 LBW neonates who fulfilled all of the following 

criteria: an uncomplicated maternal history, a 5 min Apgar score of 7 or more, capillary or 

arterial cord blood pH of 7.00 or higher, a normal delivery after an uncomplicated pregnancy, 

no neurologic manifestations, normal cranial ultrasound, and no medication during the 

neonatal period. 

We collected intrapartum and neonatal data prospectively and obtained obstetric data from 

hospital records. Data on maternal preeclampsia, sex, type of delivery, resuscitation measures 

in the delivery room, type of diet, medication, amount of enteral feeding, and anthropometric 

measurements (e.g., weight, body length, head, and chest circumference) were included on an 

individual research card for each infant. Gestational age was determined by the first day of 

the last menstrual cycle, and when possible, was confirmed or corrected by the first 

ultrasonography examination with growth measurements. Growth restriction was defined as 

estimated fetal anthropometric parameters, confirmed at birth, below the 10th percentile for 
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gestational age and sex. Medical management of all infants in NICU included cardio-

respiratory support, followed up by serial detection of blood gases, control of blood 

parameters. All neonates with NEC underwent total parenteral nutrition and intravenous 

broad-spectrum antibiotic therapy, and serial abdominal X-rays study.   

The study exclusion criteria included the death of the neonate within the first 7 days of life, 

transfer to other units, clinical or laboratory evidence of TORCH infections (toxoplasmosis, 

other [syphilis, varicella-zoster, parvovirus B19], rubella, cytomegalovirus, and herpes 

infections), or congenital malformation. 

Assessment of brain pathology.  

The diagnosis of asphyxia was determined according to Apgar scores (≤ 5 at 5 min of life), 

initial capillary or arterial pH of less than 7.00, and initial capillary or arterial lactate of 

greater than 7.00 mmol/l, according to the American Academy of Paediatrics guidelines  [18]. 

Blood gases were detected within 30 min after delivery. The severity of neonatal 

encephalopathy was estimated by Sarnat scoring based on abnormal neurologic signs, such as 

increased irritability and jitteriness, abnormal tone, abnormal primitive reflexes, altered 

consciousness, or convulsions, within the first 24 h of life [19].  

NEC diagnosis 

All infants were closely monitored for apnoea and bradycardia, oxygen desaturation, gastric 

residuals, bilious aspirates, abdominal distension, and grossly bloody stools. The diagnosis of 

necrotising enterocolitis (NEC) was based on clinical findings modified Bell’s staging criteria  

[20]. All newborns underwent X-ray films for assessment of presence intestinal pneumatosis, 

portal venous air, dilated bowel, or abnormal gas pattern. NEC stage 1 had been determined 

in 5, stage 2 in 6 infants, and stage 3 only in 1 newborn.     

Blood and stool collection 

Venous blood was collected into ethylenediaminetetraacetic acid-containing tubes on days 1-

3 and centrifuged for 15 min. No venous punctures were performed for the sole purpose of 

study-related analysis. Samples were stored in aliquots at -70°C until analysis. Stool samples 

were prospectively collected and analyzed for HBD2 immediately after sampling on days 3 

and 5. 
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Measurement of serum MUC2 and ET-1 concentrations in peripheral blood 

The plasma concentrations of MUC2 (Life Science, Wuhan, China), and ET-1 (Cayman 

Chemical Company, Ann Arbor, MI, USA) were measured using commercial enzyme-linked 

immunosorbent assay (ELISA) kits, based on standard enzyme immunoassay procedures. The 

specimens were diluted according to the manufacturer’s instructions for the ELISA kits to 

obtain the optimal density. The expression levels of MUC2 is reported in ng/ml, whereas that 

of ET-1 is reported in pg/ml. 

Measurement of HBD2 concentrations in feces  

HBD2 levels were determined using a standard enzyme immunoassay kit (Immundiagnostik, 

Bensheim, Germany). Fecal samples were diluted in extraction buffer at a ratio of 1:50. 

Before standard ELISA, homogenates were centrifuged and dissolved in solution buffer. The 

concentrations of HBD2 in feces are expressed in ng/g. 

Measurement of NO concentrations in peripheral blood 

The concentration of NO was measured using the Griess reaction from a commercial kit 

(Thermo Scientific, Pierce Biotechnology, Rockford, IL, USA). This test is based on the 

conversion of nitrate to nitrite through the action of nitrate reductase enzyme. Before direct 

assay, samples were ultra-filtered through a 10 000 molecular weight cut-off filter. NO levels 

were expressed in mmol/l. 

Statistical analysis 

We performed fecal analyses in triplicate, blood samples in duplicate. Intra and interassay 

coefficients of variation were <5% and <15%, respectively. Data were tested for normal 

distributions and found to be nonparametric. Significant differences were determined using 

the Kruskal-Wallis test, to assess differences in the production of protective markers of the 

intestinal barrier and endothelial function. Qualitative variables, such as sex, maternal 

preeclampsia, cesarean section, resuscitation measures in the delivery room, and the degree 

of HIE were compared using Fisher’s exact test. Spearman rank-order correlation coefficients 

were used to determine the associations between vascular tone regulator markers and 

intestinal defense proteins. In all instances, significance was established at p < 0.05.  
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RESULTS 

As shown in Table 1, there were no significant differences in the mode of delivery or in 

maternal characteristics between groups 1 and 2, including factors that may have contributed 

to uteroplacental insufficiency (anemia, preeclampsia). The groups were also similar in 

baseline neonatal characteristics, including gestational age, Apgar scores, pH and C reactive 

protein at birth, breast milk feeding, and antibiotic therapy during the 1st week of life.  

The concentrations of vascular regulatory markers during the early days of the neonatal 

period were presented in Figure 1. The NO levels of peripheral blood were significantly 

elevated in both HIE groups (mean 53.4 mmol/l, range 34-66 mmol/l; mean 49.9 mmol/l, 

range 23-63 mmol/l; in groups 1 and 2 respectively) compared with control infants (mean 

28.2 mmol/l, range 23-35). The ET-1 levels were also considerably higher in-group 1 (mean 

4.9 pg/ml, range 2.73-8.50 pg/ml) and group 2 infants (mean 3.81 pg/ml, range 1.3-8.8 

pg/ml), and the differences with control group parameters (mean 2.8 pg/ml, range 1.9-3.9 

pg/ml) were significant. Figure 2 shows comparisons of the mean total plasma concentrations 

of MUC2 and fecal concentrations of HBD2 in the study groups. Increased fecal HBD2 

levels were observed in infants of both HIE groups compared to control group parameters 

(mean 98.8 ng/g, range 67-198 ng/g; mean 123.7 ng/g, range 45-243 ng/g; mean 63.3 ng/g, 

range 28-120 ng/g; respectively in groups 1, 2 and control infants), whereas only the mean 

total HBD2 concentrations were significantly different between group 2 and control infants. 

Plasma MUC2 concentrations were considerably lower in infants of group 1 (mean 14.1 

ng/ml, range 9-26.4 ng/ml) and group 2 (mean 15.1 ng/ml, range 6.8-29.2 ng/ml) compared 

with those in the control group (mean 18.05 ng/ml, range 13-25.1 ng/ml). We did not observe 

a statistically significant difference between group 1 and group 2 data of the mean total NO, 

ET-1, HBD2, and MUC2 concentrations. With regard to mean NO/ET-1 ratio in the 

newborns, this ratio was lower in group 1 infants (p< 0.05) compared with group 2 and 

control infants (Table 2). 

To determine the correlation between the vascular tone regulators and the markers of 

intestinal defense, we analyzed NO and ET-1 data in both HIE groups (37 cases). Spearman’s 

rank-order correlation analysis showed significant negative relation of ET-1 with MUC2 (r=-

0.499; p=0.015) and HBD2 (r=-0.597; p=0.002), while NO were not significantly related to 

MUC2 and HBD2 (Fig. 3). As shown in Figure 4, it was also found a significant positive 



www.ijppr.humanjournals.com 

 

Citation: Saadat Huseynova et al. Ijppr.Human, 2019; Vol. 15 (1): 283-296. 289 

correlation of NO/ET-1 ratio with fecal HBD2 (r=0.611, p=0.005) and plasma MUC2 

concentrations (r=0.643, p=0.006). 

DISCUSSION 

Hypoxic and ischemic complications during the pre- and perinatal period cause acquired 

neonatal brain damage associated with different grades of poliorgan insufficiency [21]. 

Although the neonatal brain is one of the most vulnerable organs due to its high energy and 

oxygen consumption, hypoxic ischemia has been implicated in the breakdown of the 

intestinal epithelial barrier, which can lead to bacterial translocation [22-23]. In our study, 

increased expression of fecal HBD2 in both HIE groups early after birth suggested the 

activation of acute repair mechanisms at the site of injury. Hypoxia has been reported to 

increase the expression of different intestinal mucosa defense factors in previous studies. It 

was interpreted this process as the mechanism for maintenance of barrier function when 

oxygen levels are low [24-25]. Increased expression of defensive factors in the intestines of 

rats exposed to intrauterine asphyxia increased 72 h after birth, followed by the rapid 

proliferation of the mucosa with the recovery of intestinal function [26].  We found that 

HBD2 synthesis in early days of postnatal life was not sufficiently high in infants diagnosed 

with NEC compared to neonates who did not show NEC, and was accompanied with 

decreased MUC2 concentrations in peripheral blood. MUC2, the major colonic gel-forming 

protein, is known to be a critical factor for the establishment of goblet cell morphology and 

plays an important role in mucosal protection by preventing bacterial pathogens from gaining 

access to the epithelium [27-29]. The previous study confirms that MUC2-knockout mice 

show increased susceptibility to the development of inflammatory bowel diseases, suggesting 

a potential role for mucins in epithelial protection [30]. We speculate that severe/moderate 

hypoxic-ischemic injury and systemic hypoperfusion in group 1 infants was associated with 

more serious alterations in goblet cell function, leading to reduction of MUC2 and HBD2, 

compared with that in control infants. According to the literature, brain injury can induce 

significant damage to gut structures and impairment of barrier function due to relative 

hypoperfusion and interactions of inflammatory mediators with their receptors located on gut 

epithelial cells [31-32]. Considering the possibility of intestinal injury as a result of an 

imbalance between vasoconstriction and vasodilatation [33-35], significant positive 

correlation between ET-1 concentrations and intestinal mucosa defense markers in our study 

might point to relationship of the balance shifting towards increased vasoconstriction with 
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different structural and pathological changes of the gastrointestinal tract of LBW infants 

diagnosed NEC in early neonatal period. 

We have not determined the significant difference between the main baseline characteristics 

(NO, ET-1, HBD2, and MUC2) of both HIE groups, and in that case, the relationship of NEC 

development with the levels of vasoregulatory and intestinal injury markers is quite 

conflicting. The determination of NO/ET-1 balance is the important finding, which gives the 

possibility for interpretation of this question. We found significantly lower NO/ET-1 ratio in 

group 1 infants, compared to newborns that have not suffered from NEC. Therefore, the 

impaired NO/ET-1 balance in the peripheral blood of NEC diagnosed infants during early 

postnatal life was the main cause of intestinal ischemia and might alter the protective 

functions of the intestinal mucosa, manifesting as a depressed synthesis of serum MUC2 and 

fecal HBD2 concentrations. The statistically significant positive correlation between NO/ET-

1 ratio and intestinal mucosa defense markers (HBD1 and MUC2) corresponds to the 

aforementioned result (Fig. 4). Thus, the high ET-1 concentration without adequate NO 

synthesis causes an imbalance between vasoconstriction and vasodilatation and leads to 

serious injury of intestinal mucosa of LBW infants with severe/moderate HIE.  

There is currently no perfect method for predicting the NEC from the early days of neonatal 

period in preterm infants with HIE.  The lack of sensitive markers for the early prediction of 

intestinal ischemia and a wide spectrum studies justify the need for further investigations in 

this area. The present study confirms that systemic vascular tone activity plays an important 

role in mediating the functional activity of the gut mucosa through maintenance of intestinal 

blood circulation. We also propose that decreased NO/ET-1 ratio in the background of 

impaired intestinal mucosa defense can serve as a predictive marker for NEC, and may be 

accepted as a sensitive marker for intestinal injury in preterm infants with HIE. The early 

assessment of the severity of intestinal injury in preterm infants may provide a useful tool for 

the prevention of further complications in these infants. 

Author contributions 

N.P. and R.B. initiated the project, S.H., and N.P. carried out the theoretical design and 

analysis, designed the devices and the studies, and wrote the manuscript. A.H., S.Sh. and 

N.H. collected the patient data and contributed the computing resources. S.H. contributed to 

the biomarker analyses and participated in the analysis of the results. 



www.ijppr.humanjournals.com 

 

Citation: Saadat Huseynova et al. Ijppr.Human, 2019; Vol. 15 (1): 283-296. 291 

Conflict of interest: The authors declare no conflict of interest. 

REFERENCES 

1. Silveira RC, Procianoy RS. Ischemic brain damage in very low birth weight preterm newborn infants. Journal 

de Pediatria 2005; 81: 23-32. 

2. Soleimani F, Zaheri F, Abdi F. Long-Term Neurodevelopmental Outcomes After Preterm Birth. Iran Red 

Crescent Med J 2014; 16: e17965. 

3. Vasiljevic B, Maglajlic-Djukic S, Gojnic M, Stankovic S. The role of oxidative stress in perinatal hypoxic-

ischemic brain injury. Srp Arh Celok Lek 2012; 140: 35-41.  

4. Adachi S, Zelenin S, Matsuo Y, Holtback U. Cellular Response to Renal Hypoxia Is Different in Adolescent 

and Infant Rats. Ped Res 2004; 55: 485-491. 

5. Thornton KM, Dai H, Septer S, Petricin JE. Effects of whole-body therapeutic hypothermia on 

gastrointestinal morbidity and feeding tolerance in infants with hypoxic-ischemic encephalopathy. Int J 

Pediatr 2014; 2014: 643689. 

6. Drenckpohl D., Knaub L., Schneider C, McConnell C, Wang H,  Macwan K. Risk factor that may predispose 

premature infants to increased incidence of necrotizing enterocolitis: Infant, child & adolescent Nutrition 2010; 

2: 37-44. 

7. Gamsu HR, Kempley ST. Enteral hypoxia/ischemia and necrotizing enterocolitis. Seminars in Neonatology 

1997; 2: 221-305. 

8.  Nowicki PT Ischemia and necrotizing enterocolitis: where, when, and how. Semin Pediatr Surg 2005; 14: 

152-158. 

9. McAdams RM, Ledbetter DJ. Focal intestinal perforation in late preterm and term neonates with hypoxic-

ischemic encephalopathy. J Pediatr Surg 2015; 3: 137-139. 

10. Saito Y. Reflections of brainstem dysfunction in neurologically disabled children. Brain Dev 2009; 31: 529-

536. 

11. Dhatmani P, Srivasta V, Kisson-Singh V, Chadee K. Role of intestinal mucins in innate host defense 

mechanisms against pathogens. J Innate Immun 2009; 1: 123-125. 

12. Vieten D, Corfield A, Carroll D, Ramani P, Spicer R. Impaired mucosal regeneration in neonatal 

necrotising enterocolitis. Pediatr. Surg. Int. 2005; 21: 153-160. 

13. Corfield AP, Myerscough N, Longman R, Sylvester P, Arul S, Pignatelli M. Mucins and mucosal protection 

in the gastrointestinal tract: new prospects for mucins in the pathology of gastrointestinal disease. Gut 2000; 47: 

589-594. 

14. Suemori S, Lynch-Devaney K, Podolsky DK. Identification and characterization of rat intestinal trefoil 

factor: tissue- and cell-specific member of the trefoil protein family. Proc Natl Acad Sci USA 1991; 88: 11017–

21. 

15. Gong T, Li W, Wang Y, et al. Expression of mouse beta-defensin 2 in Escherichia coli and its broad-

spectrum antimicrobial activity. Braz J Microbiol 2011; 42: 1180-1187. 

16. Ballance WA, Dahms BB, Shenker N, Kliegman RM. Pathology of neonatal necrotizing enterocolitis: a ten-

year experience. J Pediatr 1990; 117: 6-13. 

17. Nowicki PT, Nankervis CA. The role of the circulation in the pathogenesis of necrotizing enterocolitis. Clin 

Perinatol 1994; 21: 219-234. 

18. Chen ZL, He RZ, Peng Q, Guo KY, Zhang YQ, and Yuan HH: Clinical study on improving the diagnostic 

criteria for neonatal asphyxia. Zhonghua Er Ke Za Zhi 2006; 44: 167-172. 

19. Sarnat HB, Sarnat MS: Neonatal encephalopathy following fetal distress: a clinical and 

electroencephalographic study. Arc Neurol 1976; 33: 695–706.  

20. Gordon PV, Swanson JR, Attridge JT, Clark R. Emerging trends in acquired neonatal intestinal disease: is it 

time to abandon Bell's criteria? J. Perinatol 2007; 27: 661-671. 

21. Aslam S, Molloy EJ: Biomarkers of multiorgan injury in neonatal encephalopathy. Biomark Med 2015; 9: 

267-275. 



www.ijppr.humanjournals.com 

 

Citation: Saadat Huseynova et al. Ijppr.Human, 2019; Vol. 15 (1): 283-296. 292 

22. Tazuke Y, Drongowski RA, Teitelbaum DH, Coran AG. The effect of hypoxia on permeability and 

bacterial translocation in Caco-2 adult and I-407 fetal enterocyte cell culture models. Pediatr Surg Int 2003; 19: 

316-320. 

23. Keely S, Glover LE, Weissmueller T, MacManus CF, Fillon S, Fennimore B, Colgan S. Hypoxia-inducible 

factor-dependent regulation of platelet-activating factor receptor as a route for gram-positive bacterial 

translocation across epithelia. Mol Biol Cell 2010; 21: 538-546. 

24. Kelly CJ, Glover LE, Campbell EL, Kominsky DJ, Ehrentraut SF, Bowers BE et al. Fundamental role for 

HIF-1α in constitutive expression of human β defensin-1. Mucosal Immunol 2013; 6: 1110-1118. 

25. Furuta GT, Turner JR, Taylor CT, Hershberg RM, Comerford K, Narravula S et al. Hypoxia-inducible 

factor 1–dependent induction of intestinal trefoil factor protects barrier function during hypoxia. J Exp Med 

2001; 193: 1027-1034. 

26. Xu LF, Li J, Sun M, Sun HW. Expression of intestinal trefoil factor, proliferating cell nuclear antigen and 

histological changes in intestine of rats after intrauterine asphyxia. World J Gastroenterol 2005; 11: 2291-2295. 

27. Van der Sluis M, De Koning BA, De Bruijn AC, Velcich A, Meijerink JP, Van Goudoever JB et al. Muc2-

deficient mice spontaneously develop colitis, indicating that MUC2 is critical for colonic 

protection. Gastroenterology 2006; 131: 117-129. 

28. Van Paasen NB, Vincent A, Puiman PJ,  van der Sluis M, Bouma J, Boehm G et al. The regulation of 

intestinal mucin MUC2 expression by short-chain fatty acids: implications for epithelial protection. Biochem J 2009; 

420: 211-219. 

29. Mattar AF, Teitelbaum DH, Drongowski RA, Yongyi F, Harmon CM, Coran AG: Probiotics up-regulate 

MUC-2 mucin gene expression in a Caco-2 cell-culture model. Pediatr Surg Int 2002; 18: 586-590. 

30. Clark JA, Doelle SM, Halpern MD,  Saunders TA, Holubec H, Dvorak K et al. Intestinal barrier failure during 

experimental necrotizing enterocolitis: protective effect of EGF treatment. Am J Physiol Gastrointest Liver Physiol 

2006; 291: 938-949. 

31. Hang CH, Shi JX, Li JS, Wu W, Yin HX. Alterations of intestinal mucosa structure and barrier function 

following traumatic brain injury in rats. World J Gastroenterol 2003; 9: 2776-2781. 

32. Hang CH, Shi JX, Sun BW, Li JS. Apoptosis and functional changes of dipeptide transporter (PepT1) in the 

rat small intestine after traumatic brain injury. J Surg Res 2007; 137:53–60. 

33. Watkins DJ, Besner GE. The Role of the Intestinal Microcirculation in Necrotizing Enterocolitis. Semin 

Pediatr Surg 2013; 22: 83-87. 

34. Nankervis CA, Dunaway DJ, Nowicki PT. Determinants of terminal mesenteric artery resistance during the 

first postnatal month. Am J Physiol 2001; 280: 678-686. 

35. Leiper J, Vallance P. Biological significance of endogenous methylarginines that inhibit nitric oxide 

synthases. Cardiovasc Res 1999; 43: 542-548. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Velcich%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16831596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meijerink%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=16831596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Goudoever%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=16831596
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Sluis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19228118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bouma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19228118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boehm%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19228118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saunders%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=16798726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holubec%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16798726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dvorak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16798726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watkins%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23611611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besner%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=23611611


www.ijppr.humanjournals.com 

 

Citation: Saadat Huseynova et al. Ijppr.Human, 2019; Vol. 15 (1): 283-296. 293 

 

Fig. 1. Mean total NO and ET-1 concentrations of peripheral blood in the study groups. 

*p < 0.05 versus the control group. 

 

Fig. 2. Mean fecal HBD2 and plasma MUC2 concentrations in the study groups. It is 

described HBD2 concentrations in 12–24 h before the first clinical diagnosis of NEC in 

group 1, and inappropriate day samples of group 2. *p < 0.05 versus the control group. 
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Fig. 3. Spearmen’s rank-order correlation between vascular tone regulator and 

intestinal mucosa defense markers in LBW infants with moderate/severe HIE. Each 

correlation analysis includes group 1 and group 2 parameters (n=37).  
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Fig. 4. Spearmen’s rank-order correlation between NO/ET-1 ratio and intestinal 

mucosa defense markers in LBW infants with moderate/severe HIE. Each correlation 

analysis includes group 1 and group 2 parameters (n=37).  
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Table 1. Epidemiological Characteristics of the Study Groups. Data are shown as the 

mean (range) or n (%).  

 Group 1 (n = 12) Group 2 (n = 25) p value 

Maternal characteristics 

Age (y) 25.2 (19–31) 26.4 (19–34) 0.865 

Premature rupture of membranes 4 (33,33%) 7 (28%) 0.740 

Preeclampsia  3 (25%) 5 (20%) 0.729 

Anaemia 4 (33,33%) 10 (40%) 0.695 

Caesarean section 5 (41,67%) 7 (28%) 0.406 

Antenatal steroids 3 (25%) 5 (20%) 0.729 

Neonatal characteristics 

Gestational age, weeks 33.4 (29–35) 32.9 (29–35) 0.231 

Male  5 (41.7%) 9 (36%) 0.088 

Birth weight, g 1745 (1520–2160) 1898 (1501–2450) 0.543 

Small for gestational age 3 (25%) 6 (24%) 0.947 

Apgar 1 min 4.2 (3–5) 4.5 (3–5) 0.325 

Apgar 5 min 6.3 (4–6) 6.2 (4–7) 0.620 

pH at birth 7.15 (6.85–7.29) 7.21 (6.98–7.32) 0.102 

C-reactive protein at birth, mg/dl 1.24 (0.7–2.49) 0.98 (0.3–2.41) 0.230 

Breast milk feeding 4 (33,33%) 10 (40%) 0.695 

Days on antibiotics of 1st week 4.2 (2-6) 3.9 (2-6%) 0.542 

RDS 3 (25%) 6 (24%) 0.947 

Moderate HIE 7 (58.3%) 16 (64%) 0.739 

Severe HIE 5 (41.7%) 9 (36%) 0.088 

Table 2. Mean nitric oxide/endothelin-1 (NO/ET-1) ratio in study groups. *p < 0.05 vs 

group 2 infants; ^.p < 0.05 vs control group. Data are shown as the mean (range).  

Study groups NO/ET-1 ratio 

Group 1 (n=12) 10,3*^ (8,2-20,6) 

Group 2 (n=25) 14,5 (11,8-25,3) 

Control group (n=20) 16,1 (19,1-25,5) 

 


