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Abstract

OBJECTIVE—The association between maternal chorioamnionitis and fetal oxidative stress has 

not been well established.

STUDY DESIGN—A nested case control study was performed within a prospective cohort of 

term nulliparous women: 20 cases (intrapartum fever of >100.4°F) and 20 afebrile controls. 

Oxidative stress was assessed using ThioGlo-1 (TG-1; Calbiochem, San Diego, CA) fluorescent 

sulfhydryl detection. Median levels (± interquartile range) of protein-thiol sulfhydryls were 

compared.

RESULTS—In early labor, maternal oxidative stress (lower protein sulfhydryls) was significantly 

higher in those women who subsequently had intrapartum fever develop (79.87 ± 22.88 vs 127.73 

± 43.79 counts/second per μg protein; P < .001). In contrast, cord serum sulfhydryls were not 

different between groups (75.77 ± 14.00 vs 75.04 ± 17.83 counts/second per μg protein; P = .99)

CONCLUSION—Our data suggest that the term human fetus is protected from maternal 

oxidative stress associated with intrapartum fever. However, maternal oxidative status in early 

labor is associated with subsequent intrapartum fever. Optimal fetal neuroprotection will require a 

more precise knowledge of pathogenic mechanisms.
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Fetal exposure to chorioamnionitis (hyperthermia and inflammation) at term has long been 

accepted as a potent risk factor for neonatal encephalopathy and cerebral palsy. 

Chorioamnionitis accounts for between 11% and 22% of cases of cerebral palsy in near-term 

and term infants, and carries an odds ratio of 9.3 for otherwise unexplained cerebral palsy.1,2 

The current diagnosis of chorioamnionitis is largely based on maternal fever; fundal 

tenderness cannot be used after epidural analgesia and purulent vaginal discharge is a 

subjective finding. Maternal oral temperature is the best indicator of intrauterine temperature 
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but underestimates it by an average of 0.8°C.3 In turn, fetal core temperature is 

approximately 0.75°C higher than fetal skin/intrauterine temperature.4 Therefore, the widely 

used definition of intrapartum fever (38.0°C) is generally associated with fetal brain 

temperatures of 39.5°C or higher.

Term infants have a low risk of neonatal encephalopathy of approximately 0.12%.5 The 

observed risk of encephalopathy with fetal exposure to maternal fever alone is 1.13% and 

the risk with fetal exposure to acidosis (cord pH <7.05) alone is 1.58%. However, the 

combination of maternal fever and neonatal acidosis results in a substantial increase in the 

risk of neonatal encephalopathy to 12.5%, independent of neonatal sepsis.5 This observation 

has led to the hypothesis that maternal fever is associated with increased levels of fetal 

oxidative stress and depleted cellular reserves, increasing fetal susceptibility to hypoxic 

injury. Further, antioxidants have been shown to decrease fetal injury and provide 

neuroprotection in lipopolysaccharide (LPS)-based animal models of chorioamnionitis, 

especially when used prophylactically.6–13 These promising data have led to several 

ongoing Phase I/II studies of the safety and efficacy of N-acetyl cysteine (NAC), a 

compound with both antioxidant and antiinflammatory properties for the prevention of 

neonatal death, sepsis, and neuronal injury in the setting of chorioamnionitis in human 

subjects (http://www.clinicaltrials.gov). Our objective was to determine whether intrapartum 

maternal fever was associated with increased levels of maternal and/or fetal oxidative stress. 

Further, we sought to examine the relationship between maternal and fetal oxidative stress.

Materials and Methods

A nested case control study was performed. The initial cohort consisted of nulliparous 

women who were candidates for a trial of labor. Women with active infections, autoimmune 

conditions, or those taking antiinflammatory agents were excluded. Subjects were enrolled 

prospectively at ≥37 0/7 weeks’ gestation. Maternal blood was collected at enrollment and 

in early labor after the onset of regular, painful contractions. Maternal oral temperatures 

were collected hourly in labor. Cord blood was collected at delivery. All blood samples were 

processed to serum and stored at −80°C. Maternal data on gestational age at enrollment, 

height, weight, race, and ethnicity were collected prospectively. Intrapartum and neonatal 

data were collected from detailed chart review and from our research quality perinatal 

database (PINS). A total of 607 subjects were enrolled. Subjects with available aliquots of 

paired maternal and cord serum were identified. Subjects were excluded if significant 

hemolysis was identified visually in any of the collected samples. A nested case control 

study was performed by selecting 20 cases (intrapartum fever of >100.4°F) and 20 afebrile 

controls. Selection was random and was performed by the study coordinator who had no 

knowledge of the hypothesis. Sample dates ranged from Feb. 5, 2006, to March 12, 2009.

Oxidative stress was assessed through detection of protein-thiol redox status using the 

maleimide reagent ThioGlo-1 (TG-1; Calbiochem, San Diego, CA) that produces a highly 

fluorescent adduct after its reaction with sulfhydryl groups.14–15 Development of fetal 

oxidative stress results in oxidation of DNA, lipids, and proteins. Reduced protein thiol 

(sulfhydryl) relatively easily undergoes oxidation to sulfenic, sulfinic, and sulfonic state (the 

2 later states are irreversible). Thus, a decrease of protein sulfhydryls is considered as an 
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appropriate measure of oxidant stress induction.16–17 Briefly, samples for analysis were 

prepared using size-exclusion chromatography with BioSpin-6 microcolumn (BioRad, 

Berkeley, CA) to eliminate low molecular weight (<6 kDa) thiols. Then 20 μL eluent was 

added to 2 mL of 40 mM PB (pH = 7.4) in a quartz cuvette of spectrofluorometer (PTI, 

Piscatway, NJ) under constant stirring at 37°C. The emission (513 nm, excitation at 379 nm) 

of each sample was recorded for 1 minute (background) before and 2 minutes after an 

addition of 5 μM (final concentration) of ThioGlo-1. Each sample fluorescence saturation 

value corresponds to a concentration of free sulfhydryls. At the end of each experiment, 1 

μM reduced glutathione was added to the sample to ensure that saturation was not associated 

with the concentration of TG-1. TG-1 fluorescence was normalized for sample protein 

concentration.

Statistical analysis was performed using SPSS 17.0 (SPSS Inc, Chicago, IL). Median levels 

(± interquartile range [IQR]) of protein-thiol sulfhydryls were compared using the Mann-

Whitney U test. Paired nonparametric analysis was performed using the Wilcoxon signed 

ranks test. Correlation was assessed using the Spearman R test. Maternal and neonatal 

characteristics were compared by using the Student t test or Mann-Whitney U test as 

appropriate for continuous variables and Fisher’s exact test for categorical variables. A P 

value of < .05 was considered statistically significant. Power analysis determined that 20 

samples per group would provide an 80% power to detect a 26% difference in levels of fetal 

oxidative stress.

Results

Maternal and neonatal characteristics for cases and controls are shown in the Table. Data on 

neonatal sepsis evaluation and blood culture results were missing for one neonate born to a 

febrile mother. No significant underlying demographic differences were noted between 

women who remained afebrile and those who subsequently developed intrapartum fever. 

Overall rates of epidural analgesia were very high in both groups. There were no differences 

in maternal temperature at admission or maternal temperature in early labor at the time of 

blood sampling. Not surprisingly, intrapartum fever was associated with labors that were a 

median of 3.6 hours longer. There was a significantly higher rate of meconium passage in 

fetuses of febrile parturients, which suggests an increase in fetal stress associated with 

maternal fever. There were no significant demographic differences in neonates by fever 

status. As expected, intrapartum fever was associated with an increased rate of neonatal 

sepsis evaluation and neonatal length of stay; however, no neonate had culture proven 

sepsis. There was 1 infant with neonatal seizures in the fever group. Although intrapartum 

fever is a known risk factor for neonatal seizures,5,18–19 the rate of neonatal seizures in this 

study was not statistically significant. The level of oxidative stress in this infant was less 

than the median oxidative stress for the remainder of the group.

There was no difference in levels of maternal oxidative stress at prelabor enrollment (102.1 

± 15.1 vs 91.0 ± 35.2 counts/second per μg protein; P = .53; median ± IQR; data not shown). 

In early labor, maternal oxidative stress (lower levels of protein sulfhydryls content) was 

significantly higher in those women who subsequently had intrapartum fever develop 

(Figure 1: 79.87 ± 22.88 vs 127.73 ± 43.79 counts/second per μg protein; P < .001). In 
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contrast, fetal serum sulfhydryls were not different between groups (Figure 2: 75.77 ± 14.00 

vs 75.04 ± 17.83 counts/second per μg protein; P = .99). There was no significant 

correlation between maternal and fetal levels of oxidative stress (r = −0.24; P = .17). Labor 

itself was associated with oxidative stress when paired enrollment and labor specimens were 

compared (P < .001).

Comment

Our data suggest that the term human fetus is protected from maternal oxidative stress 

associated with intrapartum fever. The strengths of our study include the prospective 

collection of maternal and cord blood samples and the meticulous and uniform 

ascertainment of maternal hourly maternal temperature during labor. This study design 

reduced the likelihood of misclassification of fever status. The second strength of our study 

is that we were able to demonstrate significant differences in measures of oxidative stress in 

maternal labor samples. This finding demonstrates that our assay is valid; that is, that we 

were able to detect differences in oxidative stress if they were present. Further, our power 

analysis ensured that we would be able to detect a clinically significant difference in fetal 

oxidative stress levels. Therefore, our finding of a lack of difference in oxidative stress in 

the fetal compartment was not due to methodologic or statistical flaws. The main weakness 

of our study is that it was limited to term pregnancies. Therefore, these results may not be 

applicable to preterm neonates. It is possible that the mechanism that allows for relative 

protection from oxidative stress in the neonatal compartment is not yet developed in preterm 

pregnancies. One investigation in preterm infants reported an association between neonatal 

sepsis and increased oxidative stress.20 Further, our work cannot determine whether there is 

a threshold for maternal fever at which protective mechanisms are overwhelmed and fetal 

oxidative stress occurs. Finally, because maternal blood was not collected at the time of 

delivery, we cannot determine whether the differences in maternal oxidative stress observed 

in early labor persisted, resolved or worsened after the development of clinical fever.

Our data suggest that labor itself induces relative oxidative stress compared with paired 

maternal samples before the onset of labor. However, we also demonstrate that increases in 

maternal oxidative stress with the onset of labor are significantly greater in women who will 

go on to have subsequent intrapartum fever develop. Although previous publications have 

reported on the association between increased oxidative stress and the severity of febrile 

illness,21–23 to our knowledge this is the first report of increases in oxidative stress 

preceding clinical febrile morbidity. Our data cannot be used to determine whether the 

observed increases in oxidative stress are causative or occur in association with other factors 

that predispose to maternal fever. However, it is biologically plausible that increased 

maternal oxidative stress in early labor plays a causative role in subsequent fever risk. NAC 

and other antioxidants have been shown to inhibit LPS-induced nuclear accumulation of NF-

κB and influence toll-like receptor 4 (TLR-4) dependent activation of NF-κB.24–26 

However, reactive oxygen species alone do not consistently activate an inflammatory 

response in all cell lines.27 This suggests that although oxidative stress alone may not be a 

adequate inciting factor to induce maternal fever, maternal oxidative stress may potentiate 

proinflammatory activation.
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The failure of maternal intrapartum fever to induce fetal oxidative stress suggests that: (a) 

animal models of fetal oxidative stress are not readily applicable to humans; (b) antioxidant 

fetal neuroprotection is mediated by the antiinflammatory properties of tested antioxidants; 

or (c) neural oxidative stress cannot be measured in peripheral samples. We acknowledge 

that cord blood samples do not necessarily reflect oxidative stress in the fetal brain. 

However, it would be biologically plausible to assume that, given the protective mechanisms 

in place to preserve blood flow to the fetal brain, peripheral oxidative stress should precede 

neural compartment oxidative stress. If the neuroprotective effects of antioxidants are indeed 

mediated by their antiinflammatory properties, then this suggests that targeted 

antiinflammatory agents may be more effective than antioxidants. However, antioxidants 

have a potential role in reducing the complications of catastrophic perinatal asphyxia, a 

condition that is known to be associated with increased oxidative stress levels both in the 

periphery and in the cerebrospinal fluid.28 Fortunately, isolated fetal hypoxia is a relatively 

infrequent cause of neonatal encephalopathy in the absence of maternal fever.5 Therefore, it 

is logical that election of candidates for fetal neuroprotection should focus on early 

prediction of the more common risk of intrapartum fever. This study demonstrates that there 

are underlying differences in maternal oxidative stress in early labor before subsequent 

maternal fever. Therefore, measures of maternal oxidative stress in early labor may prove to 

be useful in the future as 1 marker in assessing risk of adverse neonatal outcomes associated 

with maternal fever. Further animal work is needed to determine the exact relationship 

between maternal and fetal oxidative stress in animal models. Optimal fetal neuroprotection 

will require more precise knowledge of pathogenic mechanisms.

Acknowledgments

Supported in part by research Grant no. 6-Fy06-311 from the March of Dimes Foundation.

References

1. Wu YW, Escobar GJ, Grether JK, et al. Chorioamnionitis and cerebral palsy in term and near term 
infants. JAMA. 2003; 290:2677–84. [PubMed: 14645309] 

2. Grether JK, Nelson KB. Maternal infection and cerebral palsy in infants of normal birth weight. 
JAMA. 1997; 278:207–11. [PubMed: 9218666] 

3. Banerjee S, Cashman P, Yentis SM, Steer PJ. Maternal temperature monitoring during labor: 
concordance and variability among monitoring sites. Obstet Gynecol. 2004; 103:287–93. [PubMed: 
14754697] 

4. Macaulay JH, Bond K, Steer PJ. Epidural analgesia in labor and fetal hyperthermia. Obstet Gynecol. 
1992; 80:665–9. [PubMed: 1407891] 

5. Impey LW, Greenwood CE, Black RS, Yeh PS, Sheil O, Doyle P. The relationship between 
intrapartum maternal fever and neonatal acidosis as risk factors for neonatal encephalopathy. Am J 
Obstet Gynecol. 2008; 198:49.e1–6. [PubMed: 18166304] 

6. Beloosesky R, Weiner Z, Khativ N, et al. Prophylactic maternal n-acetylcysteine before 
lipopolysaccharide suppresses fetal inflammatory cytokine responses. Am J Obstet Gynecol. 2009; 
200:665.e1–5. [PubMed: 19344884] 

7. Paintlia MK, Paintlia AS, Contreras MA, Singh I, Singh AK. Lipopolysaccharide-induced 
peroxisomal dysfunction exacerbates cerebral white matter injury: attenuation by N-acetyl cysteine. 
Exp Neurol. 2008; 210:560–76. [PubMed: 18291369] 

8. Wang X, Svedin P, Nie C, et al. N-acetylcysteine reduces lipopolysaccharide-sensitized hypoxic-
ischemic brain injury. Ann Neurol. 2007; 61:263–71. [PubMed: 17253623] 

Goetzl et al. Page 5

Am J Obstet Gynecol. Author manuscript; available in PMC 2015 October 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Beloosesky R, Gayle DA, Ross MG. Maternal N-acetylcysteine suppresses fetal inflammatory 
cytokine responses to maternal lipopolysaccharide. Am J Obstet Gynecol. 2006; 195:1053–7. 
[PubMed: 17000238] 

10. Beloosesky R, Gayle DA, Amidi F, et al. N-acetyl-cysteine suppresses amniotic fluid and placenta 
inflammatory cytokine responses to lipopolysaccharide in rats. Am J Obstet Gynecol. 2006; 
194:268–73. [PubMed: 16389042] 

11. Xu DX, Chen YH, Wang H, Zhao L, Wang JP, Wei W. Effect of N-acetylcysteine on 
lipopolysaccharide-induced intra-uterine fetal death and intra-uterine growth retardation in mice. 
Tox Sciences. 2005; 88:525–33.

12. Paintlia MK, Paintlia AS, Barbosa E, Singh I, Singh AK. N-acetylcysteine prevents endotoxin-
induced degeneration of oligodendrocyte progenitors and hypomyelination in developing rat brain. 
J Neuroscience Res. 2004; 78:347–61.

13. Buhimschi IA, Buhimschi CS, Weiner CP. Protective effect of N-acetylcysteine against fetal death 
and preterm labor induced by maternal inflammation. Am J Obstet Gynecol. 2003; 188:203–8. 
[PubMed: 12548218] 

14. Liu SX, Kawai K, Tyurin VA, et al. Nitric oxide-dependent pro-oxidant and pro-apoptotic effect of 
metallothioneins in HL-60 cells challenged with cupric nitrilotriacetate. Biochem J. 2001; 
354:397–406. [PubMed: 11171119] 

15. Murray AR, Kisin E, Leonard SS, et al. Oxidative stress and inflammatory response in dermal 
toxicity of single-walled carbon nanotubes. Toxicology. 2009; 257:161–71. [PubMed: 19150385] 

16. Pérez VI, Buffenstein R, Masamsetti V, et al. Protein stability and resistance to oxidative stress are 
determinants of longevity in the longest-living rodent, the naked mole-rat. PNAS. 2009; 
106:3059–64. [PubMed: 19223593] 

17. McDonagh B, Sheehan D. Effects of oxidative stress on protein thiols and disulphides in Mytilus 
edulis revealed by proteomics: actin and protein disulphide isomerase are redox targets. Mar 
Environ Res. 2008; 66:193–5. [PubMed: 18396326] 

18. Lieberman E, Eichenwald E, Mathur G, Richardson D, Heffner L, Cohen A. Intrapartum fever and 
unexplained seizures in term infants. Pediatrics. 2000; 106:983–8. [PubMed: 11061764] 

19. Lieberman E, Lang J, Richardson DK, Frigoletto FD, Heffner LJ, Cohen A. Intrapartum maternal 
fever and neonatal outcome. Pediatrics. 2000; 105:8–13. [PubMed: 10617697] 

20. Cancelier AC, Petronilho F, Reinke A, et al. Inflammatory and oxidative parameters in cord blood 
as diagnostic of early-onset neonatal sepsis: a case-control study. Pediat Crit Care Med. 2009; 
10:467–71.

21. Soundravally R, Sankar P, Bobby Z, Hoti SL. Oxidative stress in severe dengue viral infection: 
association of thrombocytopenia with lipid peroxidation. Platelets. 2008; 19:447–54. [PubMed: 
18925513] 

22. Lyons J, Rauh-Pfeiffer A, Ming-Yu Y, et al. Cysteine metabolism and whole blood glutathione 
synthesis in septic pediatric patients. Crit Care Med. 2001; 29:870–7. [PubMed: 11373484] 

23. Brealey D, Brand M, Hargreaves I, et al. Association between mitochondrial dysfunction and 
severity and outcome of septic shock. Lancet. 2002; 360:219–23. [PubMed: 12133657] 

24. Macdonald J, Galley HF, Webster NR. Oxidative stress and gene expression in sepsis. Br J 
Anaesth. 2003; 90:221. [PubMed: 12538380] 

25. Fox ES, Brower JS, Bellezzo JM, Leingang KA. N-acetylcysteine and alpha-tocopherol reverse the 
inflammatory response in activated rat Kupffer cells. J Immunol. 1997; 158:5418. [PubMed: 
9164963] 

26. Asehnoune K, Strassheim D, Mitra S, Kim JY, Abraham E. Involvement of reactive oxygen 
species in Toll-like receptor 4-dependent activation of NF-kappa B. J Immunol. 2004; 172:2522–
9. [PubMed: 14764725] 

27. Flohe L, Brigelius-Flohe R, Saliou, Traber MG, Packer L. Redox regulation of NF-κB activation. 
Free Radical Biol Med. 1997; 22:1115. [PubMed: 9034250] 

28. Kumar A, Ramakrishna SV, Basu S, Rao GR. Oxidative stress in perinatal asphyxia. Ped Neurol. 
2008; 38:181–5.

Goetzl et al. Page 6

Am J Obstet Gynecol. Author manuscript; available in PMC 2015 October 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. Maternal levels of protein sulfhydryls in early labor, stratified by eventual 
intrapartum fever status
Decreased protein sulfydryl levels correspond to higher levels of oxidative stress. Median 

levels in the 2 groups were compared using the Mann-Whitney U test. A significant 

difference in median levels was seen between groups (P ≤ .001).
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FIGURE 2. Cord blood levels of protein sulfhydryls in neonates born to women with and 
without intrapartum fever
Decreased protein sulfydryl levels correspond to higher levels of oxidative stress. Median 

levels in the 2 groups were compared using the Mann-Whitney U test. No significant 

difference was seen (P = .99).
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TABLE

Maternal and neonatal status by intrapartum fever status

Variable Fever group (n = 20) Afebrile (n = 20) P value

Maternal age, y     25.8 ± 1.1     24.4 ± 1.1   .36

Race, %   .9

 White     25     30

 Black     25     20

 Hispanic     50     50

Gestation at enrollment, wk     37.9 ± 0.2     38.0 ± 0.17   .61

Gestation at delivery, wk     40.2 ± 0.2     39.2 ± 0.2   .27

Admit dilation, cm       3.0 (0–8.0)       4.0 (1.0–5.0)   .34

PROM before labor, %       5       0   .6

GBS positive, %     35     30   .5

Epidural analgesia, %   100     95   .5

Maternal BMI     30.5 ± 2.7     31.2 ± 1.9   .82

Admission temperature, °F     98.3 ± 0.2     98.2 ± 0.2   .93

Temperature early labor, °F     98.4 ± 0.2     98.0 ± 0.2   .13

Meconium, %     55     15   .02

Duration of labor, min   826 (369–1285)   610 (308–1164) < .001

Birthweight, g 3476 ± 125 3356 ± 111   .46

Male infant, %     60     45   .26

5-min Apgar <7, %       5.3       5   .74

Neonatal sepsis evaluation, %     84.2     15 < .0001

Positive blood culture, %       0       0 > .99

Neonatal seizures, %       5       0   .52

Neonatal LOS, d       3.0 (2.0–5.0)       2.0 (1.0–5.0)   .002

Means are presented as mean ± standard error, medians are presented as median with range.

BMI, body mass index; GBS, Group B Streptococcus; LOS, length of stay; PROM, premature rupture of membranes.
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