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            Abstract

            
               
Introduction: Intrauterine growth restriction (IUGR) represents major cause for perinatal morbidity and mortality. Oxidative stress and
                  altered inflammatory response may contribute to the pathogenesis of IUGR. The present study was aimed to investigate the urinary
                  and blood levels of inflammatory and oxidative stress markers in women with IUGR. 
               

               Materials and Methods:  23 pregnant women with intrauterine growth restriction and 30 healthy pregnant women were included in the present study.
                  Detailed demographic data were collected. Total protein, albumin, total anti-oxidant status ( TAS), total oxidant status (TOS),
                  oxidative stress index (OSI), malondialdehyde (MDA), neopterin and protein bound sialic acid (PBSA) were estimated in the
                  blood. TOS, TAS and neopterin were measured in urine samples of women with IUGR.
               

               Results: Serum MDA (16.2 ± 1.8) and Sialic acid (2.5 ± 0.8) levels were significantly elevated in women with IUGR. Urinary TOS (20.4
                  ± 4.4) and OSI (5.4 ± 1.2) were significantly increased in pregnant women with IUGR. The cut off value in ROC analysis for
                  urinary oxidative stress index was 4.6 for the diagnosis of IUGR. 
               

               Conclusion: Oxidative stress in maternal blood is positively associated with the development of IUGR in pregnant women. Estimation of
                  these parameters in serum and urine could serve as screening tool for the early prediction and diagnosis of IUGR which will
                  further aid in the better management of neonatal health.
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               Introduction

            Intrauterine growth restriction (IUGR) refers to a fetus with an estimated fetal weight below the 10th percentile for gestational age on ultrasound.1 IUGR represents the major risk factor for perinatal mortality and morbidity. IUGR babies are more prone to develop sepsis,
               altered Apgar score and perinatal asphyxia.2 Early diagnosis of IUGR during pregnancy is essential in order to reduce the complications associated with IUGR and for the
               better management of neonatal health. The conservation of delicate balances of pro-inflammatory and anti-inflammatory environment
               is essential for the maintenance of normal pregnancy. Disturbance in this immunological response in the pregnancy leads to
               stimulation of the maternal immune system ultimately culminate in complications such as placental damage, abortion, retardation
               of fetal growth and preterm labour.3 Activated maternal inflammatory response also produces the free radicals leading to oxidative stress resulting in elevation
               of various oxidative markers.4 Free radical generation leads to oxidative stress which ultimately results in reduced antioxidant status and increased oxidant
               status. Oxidative stress in pregnant women with IUGR showed increased oxidant status and decreased antioxidant enzymes.5

            It was shown that various inflammatory markers have been elevated in women with IUGR. Studies have shown that elevation of
               various markers of inflammatory response such as interleukin-6, (IL-6), high sensitive C-reactive protein (hsCRP) and tumor
               necrosis factor alpha (TNF-α ) and neopterin have been associated with IUGR in pregnant woment.6, 7 Among the markers, Neopterin is a biomarker of cellular immunity, a catabolic product of guanosine triphosphate metabolism.
               Neopterin was found to elevated in auto-immune disorders, viral infection, inflammatory disease and nephritic syndrome and
               also used as diagnostic markers for the diagnosis of the same.8, 9 Erkeneklі et al have demonstrated that serum neopterin levels were significantly higher in pregnant women with fetal growth
               restriction.6 Alterations in the immune status and redox imbalance also enhance the release of sialic acid (N-acetylated derivative of
               neuraminic acid), inflammatory marker from various glycoproteins which is also associated with various complications in pregnancy.10, 11 Evaluation of Neopterin levels, hsCRP, sialic acid and oxidative stress marker could be used as biomarker for diagnosis and
               prediction of adverse outcome in pregnant women with IUGR. This will further aid in the better management of the neonatal
               health. To the best of our knowledge, there was only one report on elevation of neopterin levels in pregnant women with IUGR.6 Hence the present was designed to investigate the relationship between inflammatory marker of natural immunity and oxidant
               status in pregnant women with IUGR.
            

         

         
               Materials and Methods

            The study was conducted between June 2017 and December 2018 in the Department of Biochemistry in collaboration with Department
               of Obstetrics and gynaecology, Mahatma Gandhi Medical College and Research Institute (MGMCRI), Puducherry, India. The subjects
               were recruited from the antenatal OPD of Obstetrics & Gynaecology, MGMC & RI. The study was approved by Institutional Human
               ethical committee (IHEC), MGMCRI. The study was initiated after obtaining written informed consent from the study subjects.
               The case control study comprised of 23 pregnant women with IUGR and 30 women without IUGR in the age group of 22 to 32. IUGR
               were diagnosed by ultrasonography in the third trimester (27-40 weeks), if the estimated fetal weight (EFW) falls below the
               10th percentile for gestational age is considered as intrauterine growth restriction (IUGR). Gestational age was calculated from
               the last menstrual period and confirmed by the ultrasound measurement. The Gestational age, maternal age, Gravida and Parity
               matched healthy pregnant women with and without IUGR were included in this study. Pregnant women with multiple gestations,
               pre- eclampsia, Diabetes, thyroid disease, Hypertension, renal disease and foetuses with structural or chromosomal anomalies
               were excluded from this study. 
            

            Detailed history, gestational age and demographic data were obtained from the study subjects

            Two millilitre of venous blood samples was collected in EDTA vial after an overnight fasting of 12 hours. The blood samples
               were centrifuged at 3000g for 10 min and the plasma was separated. Simultaneously urine samples of the study subjects also
               collected in preservative. The biochemical parameters such as total protein, albumin, MDA, TAS, TOS and protein bound sialic
               acid were estimated immediately in plasma and urine samples. The remaining plasma and urine samples were stored at - 40° C
               for two months for neopterin estimation. The plasma levels of total protein and albumin were estimated using standard reagents
               kits adapted to fully automated clinical chemistry analyser. Serum and urinary neopterin levels were estimated by ELISA using
               a commercial kit (Bioassay Technology Laboratory, Shanghai, China). The protein bound sialic acid was measured by Aminoff’s
               method.12 Total antioxidant status in plasma and urine samples were measured through ferric reducing antioxidant power (FRAP) assay.13 This assay is based on reduction of ferric tripyridytriazine (Fe3+, TPTZ) complex to ferrous form which produces blue colour
               that was measured at 593 nm. Results were obtained from a standard graph of FeSO4 (0-1000 µmol/L) and expressed as µmol/l.
               Total oxidant status (TOS) was measured according to the method of Erel et al.14 Oxidative stress index (OSI) was calculated as total oxidant status (TOS) divided by total antioxidant status (TAS) multiplied
               by 100.
            

            
                  Statistical analysis

               All results are presented as mean ± S.D and compared using the non-parametric Mann–Whitney test for two groups. The data were
                  analyzed using SPSS. 19 software. Data variations between the groups were analyzed by independent ‘t’ test. A P value of <
                  0.05 was considered as statistically significant. 
               

            

         

         
               Results

            The baseline demographic and clinical characteristics of pregnant women with and without IUGR are shown in Table  1. There was no significant difference in the maternal age, gestation age, gravida, parity and blood pressure of pregnant women
               with IUGR and without IUGR.
            

            The biochemical parameters of women with IUGR and without IUGR were shown in table 2. There was no significant difference
               between total protein and albumin among cases and control. There was a significant increase in the plasma levels of Malondialdehyde
               (MDA) and protein bound sialic acid (PBSA) in women with IUGR. No significant difference was found between serum neopterin,
               TOS and TAS in cases when compared to control. In consistent with these findings we observed increased serum levels of neopterin,
               TOS and decreased TAS in women with IUGR, though these findings were not statistically significant.
            

            The results of urinary total anti-oxidant, oxidant status and neopterin levels are shown in Table  3. Urinary total anti-oxidant status was lower in women with IUGR (386 ± 64), but not statistically significant. Urinary total
               oxidant status in women with IUGR (20.4 ± 4.4, p<0.05) was significantly increased when compared with the control subjects
               (16.7 ± 4.6). On comparison with control group (4.3 ± 2.2) significant increase was found in urinary oxidative stress index
               was in women with IUGR (5.4 ± 1.2, p<0.05). The urinary neopterin levels were higher in women with IUGR (15.7 ± 2.2, p>0.05)
               when compared to control women (14.3 ± 3). But these differences were not statistically significant between the two groups.
            

            Receiver operating characteristic curve for urinary Neopterin and OSI are shown in  Figure 1. We found that both Neopterin
               and OSI had good diagnostic accuracy in the diagnosis of IUGR. Area under the curve of the Receiver operative curve (ROC)
               of Neopterin and OSI was found to be 15.5 (78% sensitivity and 73% specificity) and 4.6 (70 % sensitivity and 60 % specificity)
               respectively. 
            

            
                  
                     
                        
                           	
                              Parameters
                        
                        	
                              Control (n=30)
                        
                        	
                              Case (n=23)
                        
                        	
                              P value
                        
                     

                     
                           	
                              Age (Years)
                        
                        	
                              25.6 ± 1.8
                        
                        	
                              26.0 ± 1.6
                        
                        	
                              0.458
                        
                     

                     
                           	
                              Gestational age (weeks)
                        
                        	
                              33.8 ± 2.1
                        
                        	
                              32.4 ± 2.4
                        
                        	
                              0.308
                        
                     

                     
                           	
                              Parity
                        
                        	
                              0.7 (0,1)
                        
                        	
                              0.8 (0,1)
                        
                        	
                              0.752
                        
                     

                     
                           	
                              Gravida
                        
                        	
                              1.7 (1,2)
                        
                        	
                              1.6 (1,2)
                        
                        	
                              0.688
                        
                     

                     
                           	
                              SBP
                        
                        	
                              107.2 ± 5.0
                        
                        	
                              108.7 ± 3.7
                        
                        	
                              0.190
                        
                     

                     
                           	
                              DBP
                        
                        	
                              82.2 ± 9.5
                        
                        	
                              81.7 ± 9.3
                        
                        	
                              0.827
                        
                     

                  
               

               
                  Table 1

                  The demographic and clinical features of pregnant women with IUGR and without IUGR

               

               

            

            
                  
                     
                        
                           	
                              Parameters
                        
                        	
                              Control (n=30)
                        
                        	
                              Case (n=23)
                        
                        	
                              P value
                        
                     

                     
                           	
                              Total protein (g/dl)
                        
                        	
                              7.6 ± 0.4
                        
                        	
                              7.4 ± 0.4
                        
                        	
                              0.643
                        
                     

                     
                           	
                              Albumin (g/dl)
                        
                        	
                              4.3 ± 0.5
                        
                        	
                              4.2 ± 0.3
                        
                        	
                              0.842
                        
                     

                     
                           	
                              FRAP (μmol/L)
                        
                        	
                              485 ± 108
                        
                        	
                              463 ± 62
                        
                        	
                              0.345
                        
                     

                     
                           	
                              TOS (μmol H2O2 Equiv./L)
                        
                        	
                              14.0 ± 4.9
                        
                        	
                              15.6 ± 3.0
                        
                        	
                              0.131
                        
                     

                     
                           	
                              OSI
                        
                        	
                              3.1 ± 1.5
                        
                        	
                              3.4 ± 0.8
                        
                        	
                              0.156
                        
                     

                     
                           	
                              MDA(μmol/L)
                        
                        	
                              5.2 ± 1.4
                        
                        	
                              16.2±1.8***
                        
                        	
                              0.000
                        
                     

                     
                           	
                              Neopterin ( nmol/L)
                        
                        	
                              8.2 ± 2.8
                        
                        	
                              9.4 ± 2.3
                        
                        	
                              0.166
                        
                     

                     
                           	
                              Protein bound sialic acid (µg/mg of protein)
                        
                        	
                              1.2 ± 0.5
                        
                        	
                              2.5±0.8***
                        
                        	
                              0.000
                        
                     

                  
               

               
                  Table 2

                  Biochemical Parameters of pregnant women with IUGR and without IUGR

               

               

            

            

            
                  
                     
                        
                           	
                              Parameters
                        
                        	
                              Control (n=30)
                        
                        	
                              Case (n=23)
                        
                        	
                              P value
                        
                     

                     
                           	
                              TAS (μmol/L)
                        
                        	
                              426.7±105
                        
                        	
                              386 ± 64
                        
                        	
                              0.074
                        
                     

                     
                           	
                              TOS (μmol H2O2 Equiv./L)
                        
                        	
                              16.7±4.6
                        
                        	
                              20.4±4.4**
                        
                        	
                              0.003
                        
                     

                     
                           	
                              OSI
                        
                        	
                              4.3±2.2
                        
                        	
                              5.4±1.2**
                        
                        	
                              0.007
                        
                     

                     
                           	
                              Neopterin ( nmol/L)
                        
                        	
                              14.3±3.0
                        
                        	
                              15.7±2.2
                        
                        	
                              0.133
                        
                     

                  
               

               
                  Table 3

                  Urinary oxidant-anti-oxidant status and inflammatory markers of pregnant women with and without IUGR

               

               

            

            

            
                  
                  Figure 1

                  Receiver operating characteristic curve (ROC) for determining cut off value of urinary OSI and neopterin

               
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/2f8a182c-e441-4953-85a1-1bf559cfe891image1.png]

            

         

         
               Discussion

            Pregnancy associated complications such as Intrauterine growth restriction, preterm delivery, pre- eclampsia, etc. have a
               great impact on maternal and neonatal health. Early diagnosis of IUGR and pregnancy associated complications during the antepartum
               would lead to better management of maternal and neonatal health. Hence the present study investigated the serum and urinary
               biomarkers in pregnant women with IUGR which will aid the early diagnosis of the complications.
            

            It has been reported that there is an imbalance between oxidant status and the antioxidant system in pregnant women with IUGR.15 In the present study we found, significant increase in the urinary total oxidant status (TOS) and oxidative stress index
               (OSI) in women with IUGR when compared with the control subjects. Concordance with this result, we also observed increased
               serum total oxidant status (TOS) and decreased urinary total anti- oxidant status (TAS) in women with IUGR, though these findings
               were not statistically significant. The immune system and inflammation play an important role in fetus tolerance and maintenance
               of normal pregnancy.16 Stimulation of cellular and humoral immune response is involved in the development of various pathological conditions such
               as pre- eclampsia, spontaneous abortion, intrauterine growth restriction and pre-term delivery.17 Maternal inflammatory response and oxidative stress are positively associated with the development of IUGR in pregnant women.[18,19]18, 19 Altered immune response triggers the production of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin-6
               (IL-6), monocyte chemoattractant protein-1 (MCP-1) and thereby causes low grade inflammation.20 Activated maternal inflammatory response further produces free radicals, causes elevation of various oxidative markers such
               Malondialdehyde (MDA), lipid peroxides, etc and thereby leading to oxidative stress. Due to these processes, human placenta
               is susceptible to oxidative stress and oxidative damage in the early gestation which may contribute to the development of
               IUGR in pregnancy.
            

            In our study urinary neopterin levels were higher in women with IUGR when compared to control women though it was not statistically
               significant between the two groups. Neopterin, is an early biomarker of natural immunity and produced by activated macrophages
               in response to inflammation.21 Erkeneklі et have demonstrated that serum neopterin levels were significantly elevated in pregnant women with fetal growth
               restriction and was associated with marked activation of the natural immune system. Increased neopterin levels also enhance
               the production of free radicals from the macrophages which indicates the immunological activation of oxidative stress. Consistent
               with these findings, we also found increase in another serum inflammatory marker, protein bound sialic acid in women with
               IUGR on comparison with pregnant women without IUGR. Alterations in the immune status and redox imbalance also enhance the
               release of sialic acid, from various glycoproteins.10, 11 From the above mentioned findings, the present study indicated the existence of altered redox imbalance and inflammatory
               response in pregnant women with IUGR.
            

         

         
               Conclusion

            Maternal inflammatory response and oxidative stress is positively associated with the development of IUGR in pregnant women.
               Detection of these oxidative stress and inflammatory markers in serum and urine could serve as screening tool for the early
               prediction and diagnosis of IUGR. Assessment of these parameters could be used as biomarkers to predict the extent of inflammation
               and redox imbalance in pregnant women with IUGR which will further aid in the better management of the neonatal health.
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