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Abstract: Maternal obesity has been found to be impaired oxidative status in placenta and newborn which can 

lead to adverse pregnancy outcomes and long-term adverse influence on metabolic programming in the 

offspring. This study aimed to investigate the role of maternal obesity on maternal and umbilical cord plasma 

oxidative status and placental oxidative adaptation. Maternal obesity (n=20) defined as pre-pregnancy BMI ≥ 

25 kg/m2 and maternal lean (n=20) defined as pre-pregnancy BMI < 25 kg/m2 were recruited into this study. 

Both groups were matched by gestational age at delivery. Maternal blood, umbilical cord blood and placental 

tissue were collected to assess nutritional content (cholesterol, triglyceride, and protein), oxidative stress 

marker (MDA and protein carbonyl) and antioxidant activity (SOD and catalase). Placenta protein expression 

(SOD2, catalase, UCP2 and Nrf2) was evaluated by western blot analysis. Catalase activity in maternal plasma 

significantly increased in maternal obesity group (p = 0.0200) with an increased trend in MDA and protein 

carbonyl levels. Umbilical cord plasma triglyceride, protein carbonyl and catalase activity significantly 

increased in maternal obesity compared with that in maternal lean (p = 0.0462, 0.0485, and 0.0348, respectively). 

Although placenta protein expression analysis exhibited significant decreased SOD2 (p = 0.0169) and catalase 

(p = 0.0067), accompanied by Nrf2 downregulation (p = 0.0453). An increased mitochondrial antioxidant UCP2 

expressions was observed (p = 0.0143). Hence, our study provided evidence that maternal obesity is associated 

with placental and fetal oxidative stress with the parallel increased placental antioxidant UCP2 expression. 

Keywords: maternal obesity; placenta; oxidative stress; antioxidants 

 

1. Introduction 

Obesity is one of the greatest public health problems of the 21st century worldwide with a higher 

prevalence in females than males [1]. This condition is of particular concern among women at 

reproductive age because of its impact in pregnancy, which affects health of at least two generations 

[2]. Maternal obesity is a stress condition that can eventually lead to inappropriate feto-placental 

development and function. Consequently, it may have a long-term adverse influence on metabolic 

programming in the offspring [3–5].  

During pregnancy, there are metabolic changes in pregnant women in order to support the 

availability of nutrients to the developing placenta and fetus [6]. Maternal obesity has been found to 

be associated with metabolic dysregulation which initiates impropriate metabolic and oxidative 

status in both mother and their fetus [7,8]. The placenta is the organ responsible for interaction 

between mother and fetus which regulates many aspects of the intrauterine environment to the 

developing fetus including oxygen and nutrient delivery, the removal of waste products, and 
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neutralization of reactive oxygen species (ROS) [9]. Thus, oxidative adaptation of the placenta may 

alter the impact of maternal obesity on fetal oxidative stress [10,11]. 

Pregnancy is considered as a state of maternal oxidative stress that can impact the placenta. 

However, oxidative stress in the placenta has been found to be heightened in obese pregnant women 

[10,12]. Our previous study regarding placental adaptation to maternal malnutrition in a rat model 

revealed a placental oxidative disbalance [13]. There are a range of enzymes that play a role in 

placental antioxidant defenses including superoxide dismutase (SOD), catalase, and glutathione 

peroxidase (GPx) [14]. In addition, due to rich of mitochondria in placenta tissue, mitochondrial 

antioxidant uncoupling protein 2 (UCP2) have been proposed to be a key moderator of oxidative 

stress defense in the placenta [14,15]. Importantly, expression of UCP2 has been found to be 

responsive to altered maternal nutrition [16]. However, there are conflicting results regarding 

antioxidant response of the placenta in obese pregnancy, some studies reported an increased 

placental antioxidant: SOD, catalase and GSH, with reduction of maternal plasma antioxidant activity 

[10,17]. Other studies demonstrated diminished placental total antioxidant capacity, SOD, and 

catalase activity, along with exacerbated oxidative and nitrosative stress markers [18,19]. All these 

seem to be demonstrated that maternal nutrition may plays an important role in placental oxidative 

balance. An increased ROS production in maternal obesity might predisposes the fetus to a state of 

oxidative stress.  

Thus, the aim of this study was to investigate the effect of maternal obesity during pregnancy 

on maternal and umbilical cord plasma oxidative status and placental oxidative adaptation. We 

hypothesized that impairment of placental antioxidant defenses might contribute to neonatal 

oxidative stress under inappropriate maternal condition. 

2. Results 

The demographics and pregnancy outcome data are showed in Table 1. There was no significant 

difference in maternal age and gestation age at delivery between maternal lean and maternal obesity 

groups (p > 0.05). In maternal obesity group, pre-pregnancy weight, pre-pregnancy BMI and weight 

at delivery significantly higher than those with normal weight (p < 0.0001). Percentage of male 

neonatal gender of obese women was not significant different compared to those with normal weight 

(p > 0.05). Neonatal birth weight and length were not significant different between the two groups (p 

> 0.05). Interestingly, placental weight of maternal obesity was significantly higher compared to 

maternal lean (p = 0.0224) while feto-placental ratio was significantly lower in maternal obesity group 

(p = 0.0374).  

Table 1. Demographics and pregnancy outcome data. 

Parameter Maternal lean Maternal obesity p-value 

Maternal age at delivery (year) 27.65 ± 0.85 30.30 ± 1.20 0.0779 

Gestational age at delivery (weeks) 38.71 ± 0.21 38.81 ± 0.28 0.7744 

Pre-pregnancy weight (kg) 52.56 ± 1.29 75.32 ± 1.79 *** <0.0001 

Pre-pregnancy BMI (kg/m2) 20.26 ± 0.45 29.40 ± 0.58 *** <0.0001 

Weight at delivery (kg) 66.90 ± 2.10 90.64 ± 2.22 *** <0.0001 

Neonatal gender, male n (%) 10 (50) 11 (55) 0.7575 

Neonatal birth weight (g) 3083 ± 101 3327 ± 110 0.1103 

Neonatal length (cm) 49.20 ± 0.57 49.21 ± 0.59 0.9898 
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Placental weight (g) 581.50 ± 28.02 701.50 ± 41.89 * 0.0224 

Feto-placental ratio 5.43 ± 0.19 4.87 ± 0.16 * 0.0374 

Results were reported as mean ± SEM or n (%). n=20 each group. p-value was tested by Student ś t-test for 

continuous variables and Pearson’s Chi-square test for categorical data. *p < 0.05, ***p < 0.0001 relative to the 

maternal lean group. 

To determine impact of maternal obesity on nutritional content in maternal and neonatal sides, 

we assess maternal and umbilical cord plasma of total cholesterol, triglyceride and protein content. 

No significant differences in maternal plasma level of cholesterol, triglyceride and protein content in 

maternal obesity when comparing with maternal lean control (cholesterol, p = 0.3078; triglyceride, p 

= 0.8172; protein content, p = 0.4588; Figure 1a, 1c, and 1e).  

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 1. Maternal plasma and umbilical cord plasma level of total cholesterol (a, b), triglyceride (c, 

d) and protein content (e, f) in maternal lean and maternal obesity groups. Results were expressed as 

mean ± SEM, n = 20 each. p-value was tested by Student ś t-test, *p < 0.05 relative to the maternal lean 

group. 

However, a significant higher level of umbilical cord plasma triglyceride was detected in 

maternal obesity (p = 0.0462; Figure 1d) compared with that in maternal lean, while no significantly 

different were observed in umbilical cord plasma cholesterol and protein content (p = 0.9753 and p = 

0.3900, respectively; Figure 1b and 1f). 
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To determine whether maternal plasma of oxidative stress marker could be altered by maternal 

obesity, we examined the level of MDA and protein carbonyl. Maternal plasma MDA level and 

protein carbonyl trend to be increased in obesity compared to lean groups (p = 0.1453 and p = 0.1744, 

respectively; Figure 2a-2b).  

  
(a) (b) 

Figure 2. Level of a) malondialdehyde (MDA) and b) protein carbonyl in maternal plasma of maternal 

lean and maternal obesity groups. Results were expressed as mean ± SEM, n = 20 each. p-value was 

tested by Student ś t-test. 

Maternal plasma catalase activity significantly decreased in maternal obesity compared with 

that in maternal lean (p = 0.0200; Figure 3a) without significant alteration in SOD activity (p = 0.9520; 

Figure 3b). 

  
(a) (b) 

Figure 3. Activity of a) catalase and b) superoxide dismutase (SOD) in maternal plasma of maternal 

lean and maternal obesity groups. Results were expressed as mean ± SEM, n = 20 each, p-value was 

tested by Student ś t-test, *p < 0.05 relative to the maternal lean group. 

Oxidative stress marker in umbilical cord plasma is presented in Figure 4. Protein carbonyl 

significantly higher in umbilical cord plasma of maternal obesity compared to maternal lean groups 

(p = 0.0485; Figure 4b). Umbilical cord plasma MDA level tended to be higher in maternal obesity 

compared to lean control (p = 0.2712; Figure 4a).  

  
(a) (b) 
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Figure 4. Level of a) malondialdehyde (MDA) and b) protein carbonyl in umbilical cord plasma of 

maternal lean and maternal obesity groups. Results were expressed as mean ± SEM, n = 20 each. p-

value was tested by Student ś t-test. 

Regarding antioxidant activity of neonatal side, we evaluate catalase and SOD activity in 

umbilical cord plasma. Interestingly, umbilical cord plasma from maternal obesity had significantly 

higher catalase activity (p = 0.0348; Figure 5a) along with a trend of higher SOD activity compared to 

maternal lean (p = 0.1739; Figure 5b). 

  
(a) (b) 

Figure 5. Activity of a) catalase and b) superoxide dismutase (SOD) in umbilical cord plasma of 

maternal lean and maternal obesity groups. Results were expressed as mean ± SEM, n = 20 each. p-

value was tested by Student ś t-test. *p < 0.05 relative to the maternal lean group. 

Regarding oxidative marker in placental tissue, MDA level was not significantly difference in 

maternal obesity compared with that in maternal lean control (p = 0.3415; Figure 6a). However, 

protein carbonyl in placenta significantly elevated in maternal obesity group compared to maternal 

lean group (p = 0.0300; Figure 6b). 

  
(a) (b) 

Figure 6. Level of a) malondialdehyde (MDA) and b) protein carbonyl in placental tissue of mater-nal 

lean and maternal obesity groups. Results were expressed as mean ± SEM, n = 20 each. p-value was 

tested by Student ś t-test. 

The relative placental antioxidant protein expressions are showed in Figure 7a – 7d. Catalase 

and SOD2 expressions in placental tissue were significantly lower in maternal obesity compared to 

the maternal lean (p-value = 0.0067, and 0.0169, respectively; Figure 7a-b). Additionally, signaling 

pathway Nrf2 expression was significantly decreased in maternal obesity (p-value = 0.0453; Figure 

7c). However, the mitochondrial antioxidant UCP2 was significantly higher in maternal obesity 

compared to the maternal lean (p-value = 0.0143; Figure 7d).  
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(a) (b) 

  
(c) (d) 

Figure 7. Placental protein expression of a) catalase, b) SOD2 c) Nrf2 and d) UCP2 measured by 

western blot analysis of maternal lean and maternal obesity groups (n=4/group). Results were 

reported as mean ± SEM. p-value was tested by Mann Whitney test. *p < 0.05 relative to the maternal 

lean group. 

3. Discussion 

In the present study, maternal obesity maintained maternal plasma of oxidative bal-ance as 

evidenced by an increased trend in MDA and protein carbonyl level with de-creased plasma catalase 

activity. Interestingly, this study observed placental oxidative adaptation indicated by decreased 

placental catalase and SOD2 along with enhanced UCP2 expressions. This placental response was 

associated with downregulation of Nrf2 signaling pathway. In addition, there were a significantly 

increased in umbilical cord protein carbonyl and antioxidant (catalase and SOD) activity implying an 

oxidative imbalance in newborn.  

Obesity is a result of positive energy balance which characterized by excessive fat accumulation 

and chronic metabolic inflammation. Obesity during pregnancy has been found to be associated with 

dysregulation of lipid metabolism which might be drives the fetus to exposed with adverse intra-

uterine environment [20,21]. This inappropriate condition is not only associated with an increased 

risk of obstetric complications and adverse neonatal health outcomes at birth, but it also affects fetal 

metabolic program-ming, potentially influencing long-term health [22]. Previous studies have 

demonstrated that nutritional and oxidative status during fetal development seems to impact 

metabolism occurring in adult life through different mechanisms [12,23,24]. Better under-standing 

the nutritional and oxidative statuses in maternal and feto-placental units may offer strategies to 

mitigate adverse health outcomes for both mothers and their off-spring. 

Maternal obesity has been found to be associated with an alteration in plasma lipids, glucose, 

and protein. This study was not observed any alterations in total choles-terol, triglyceride, and 

protein content in maternal plasma of obesity group. However, umbilical cord plasma from maternal 

obesity group has higher triglyceride level com-pared to the lean control. Similarly, there have been 
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reports of an enhanced triglyceride level in the fetus and the placenta of mother complicated with 

metabolic disorder [8,17,25,26]. Moreover, there was evidence of dysregulation of placental fatty acid 

transporter and lipase enzyme in mother complicated with metabolic disorders which directly 

influence lipid transfers across the placenta to the fetus [25–27]. We hypothesized that maternal 

obesity might induce excessive free fatty acids to be transported to the fetus, resulting in increased 

fat accumulation in the form of triglycerides. Consequently, fetus with enhanced fat accumulation is 

more likely to grow up to be obese in childhood and adulthood [28,29]. Thus, our results may be 

attributed to the fact that, even when maternal nutrient levels are maintained within normal ranges, 

maternal obesity can impair fetal lipid metabolism, potentially increasing the risk of developing 

metabolic disorders later in life.  

Additionally, maternal overnutrition has been found to be correlated with altered oxidative 

status in both mothers, placenta and their newborn [30,31]. During normal pregnancy, an increased 

ROS production is temporally correlated with an enhancement of antioxidant enzymes [32]. 

However, alterations in oxidative status in maternal obesity are still controversial [12,17,33]. To 

address this, we evaluated oxidative status in ma-ternal plasma through the evaluation of 

lipoperoxidation products, MDA and protein carbonyl along with catalase and SOD activity. The 

result showed that maternal obesity tended to have higher plasma level of MDA and protein 

carbonyl, which is accompanied by reduced catalase activity. Catalase is a crucial antioxidant 

responsible for reducing free radicals and converting final products of lipid peroxidation into inactive 

forms [34]. Lower catalase activity observed in maternal obesity could result from impaired 

antioxidant response or consuming antioxidants during an exposure of high ROS condition [18]. This 

impairment may be associated with diminish Nrf-2 signaling response or overactivation of xanthine 

oxidase which has been previously observed in maternal metabolic disorders [35,36]. Our result is in 

line with previous studies which presented that pregnant woman with obesity showed higher level 

of plasma MDA and other oxi-dative stress markers along with alteration in plasma antioxidants 

[12,18]. Hence, our data suggest that maternal obesity even in the absence of obstetric complications 

is as-sociated with oxidative imbalance.  

There is some evidence that maternal nutrition influences oxidative status in the placenta. An 

appropriate balance between pro-oxidants and antioxidants is importance for maintaining placental 

homeostatic capacity as an adaptive response [10,13]. In physiological condition, radical molecules 

participate in cell signaling to regulate normal development and function of the placenta including 

angiogenesis, nutrient transport, hormone production, detoxification, and oxidative control. 

Conversely, excessive pro-duction of radicals disrupts placental function [37]. Therefore, we evaluate 

the role of maternal obesity on placental oxidative alteration. As expected, our study provided 

evidence that placental oxidative status was altered in maternal obesity. A significant in-creased 

placental protein carbonyl with compromising antioxidant enzyme expression was observed as 

evidence by decreased SOD2 and catalase along with it downstream signaling pathway Nrf2 

expressions. In parallel, there was an enhanced expression of the mitochondrial antioxidant UCP2. 

Enzymatic antioxidant SOD2 and catalase are known to be general antioxidants found in 

mitochondria and peroxisomes, respectively [18]. Its expression is regulated by Nrf2 which is a key 

transcriptional regulator of the cellular response to oxidative stress [38]. A decreased in placental 

SOD2 and catalase could reflect an inactivation antioxidant system in placenta of obese mother [10]. 

Additionally, a significant reduction of Nrf2 protein expression observed in this study clearly 

explained the underlying mechanism of impaired placental antioxidant defense. Several studies were 

consistent with our results, demonstrating the high oxidative stress markers along with 

downregulate SOD, catalase, and GPx in placenta of maternal metabolic disorder [10,18,19]. In 

addition, UCP2 is considered as major mitochondrial antioxidant in the placenta [18]. As highly 

mitochondrial activity in the placenta and decreased in SOD and catalase expression, upregulation 

of UCP2 may be responsible for compensatory response to pro-oxidant state induced by maternal 

metabolic abnormality. Our finding highlights the role of UCP2 as a key regulator of oxidative 

balance in the placenta which was reported by previous study [11]. Unfortunately, even though 

overproduction of mitochondrial antioxidant UCP2 might be attributed to placental adaptation to an 
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exacerbated ROS production, but this event accompanied by a subsequent increased placental protein 

carbonyl. Thus, it seems to indicate that antioxidant response in the placenta of maternal obesity 

might be insufficient to retrieve oxidative balance, which would eventually lead to placental 

dysfunction. However, further study of placental enzymatic activity could provide additive 

information.  

Besides maternal and placental sides, we continue to demonstrate alteration in oxi-dative status 

of the newborn. We hypothesized that placental dysfunction induced by maternal obesity may be 

unable to protect the fetus to adverse oxidative effect. As expected, a significant increased protein 

carbonyl and a non-significant trend for in-creased MDA levels in umbilical cord plasma was 

observed in newborn born to maternal obesity compared to those born to normal weight mother. 

Protein carbonylation is a process of irreversible protein oxidative modifications which can be 

promoted by reactive oxygen species. Thus, protein carbonyl level is considered as general marker 

of oxidative stress-induced protein damage [39]. Lipids are also important targets for radical 

reactions. A trended increased of lipid peroxidation product in umbilical cord plasma could support 

the oxidative stress in the neonatal side. Fatty acid transferred via the placenta to the fetus and 

increased fat accumulation in adipose tissue might provide source of lipid peroxidation substrate for 

developing fetus which accelerates oxidative stress [30]. Our results are in line with reports in other 

studies, newborn of maternal obesity showed higher level of oxidative stress markers [31,40]. 

Regarding antioxidant response in neonatal side, our study revealed a significantly increased 

umbilical cord plasma catalase activity without any changes in SOD activity. Previous study reported 

that catalase plays a crucial role in response to oxidative stress under high H2O2 conditions whereas 

SOD shows an unaltered by this condition [41,42]. This possibly leading to no alteration in SOD 

activity. Thus, it seems possible that an increased catalase activity observed in newborn born to 

maternal obesity indicates an active antioxidant defense system in response to neutralize or mitigate 

the deleterious effect of ROS. Protein carbonyl could be considered as marker of neonatal oxidative 

stress. An enhancement of protein oxidative product along with an increased antioxidant enzymes 

activity indicating maternal obesity compromised neonatal oxidative status. Consequence, it may be 

a contributing factor of fetal programming, which lead to an increased susceptibility to oxidative 

stress related diseases in postnatal life [29,43]. 

Regarding neonatal outcome, there was no significant changes in neonatal birth weight and 

length. However, growth of baby was not relative to growth of placenta as indicated by low feto-

placental ratio and high placental weight. The high weight of placenta has been found to be associated 

with increased capillary surface density of cot-yledon which leading to an increased available surface 

area for placental exchange and transport function [44]. However, the enlarged placenta needs more 

nutrients which may lead to incommensurate nutrients for the developing fetus [45]. These finding 

point out to impairs placental efficacy during metabolic-oxidative imbalance as previously described 

[46].  

Hence, our study provided evidence that maternal obesity is associated with pla-cental and fetal 

oxidative stress with the parallel increased placental antioxidant expres-sion. The neonatal oxidative 

stress observed in obese pregnancy may be a contributing factor of fetal programming, which lead to 

an increased susceptibility to oxidative stress related diseases later in life. An appropriate nutritional 

management before and throughout pregnancy likely to be key to optimal pregnancy outcome.  

4. Materials and Methods 

4.1. Study Subjects 

This study was approved by the the Khon Kaen University Ethics Committee for Human 

Research based on the Declaration of Helsinki and the ICH Good Clinical Practice Guidelines with 

study identification code HE651023. All participants were previously informed and gave their 

written consent to be included as study volunteers. 

Forty-pregnant women attending the labor department for delivery at Srinagarind Hospital, 

Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand were recruited into this cross-

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 August 2024                   doi:10.20944/preprints202408.2208.v1

https://doi.org/10.20944/preprints202408.2208.v1


 9 

 

sectional study. Study groups are classified according to recommended body-mass index (BMI) cut-

off points for determining overweight and obesity in Asian populations [47] which consisted of the 

maternal lean (pre-pregnancy BMI < 25 kg/m2) (n=20) and maternal obesity (pre-pregnancy BMI ≥ 25 

kg/m2) (n=20). Both groups were matched by gestational age at delivery. All volunteer showed no 

history of chronic diseases including chronic hypertension, diabetes mellitus, kidney, liver, immune 

and respiratory diseases. 

4.2. Characteristics of the Mothers and Their Offspring 

The anthropometric data and pregnancy outcome including maternal age and gestational age at 

delivery, pre-pregnancy weight, pre-pregnancy BMI, weight at delivery, neonatal gender, neonatal 

birth weight and length, and placental weight were recorded from questionnaires by personal 

interview and medical records. 

4.3. Maternal Plasma Collection 

A maternal venous blood sample (10 ml) was obtained before the time of delivery from the arm 

veins of the mothers using ethylenediaminetetraacetic acid (EDTA) tubes.  The blood was 

centrifuged with 3,500 rpm for 15 min and plasma was separated and stored at -80 °C until analysis. 

Plasma was used to measure nutrition contents (total cholesterol, triglyceride and protein), oxidative 

stress markers (MDA and protein carbonyl), antioxidants (SOD and catalase) activity. 

4.4. Umbilical Cord Plasma Collection  

Immediately after the birth of the newborn and separation of newborn and umbilical cord, the 

umbilical cord was clamped, and another clamp was placed 8-10 inches away from the first. The 

blood sample (10 ml) was collected promptly from the section between the clamps in a tube 

containing EDTA. The blood was centrifuged with 3,500 rpm for 15 min and plasma was separated 

and stored at -80 °C until analysis. Umbilical cord plasma was used to measure nutrition contents 

(total cholesterol, triglyceride and protein), oxidative stress markers (MDA and protein carbonyl), 

antioxidants (SOD and catalase) activity. 

4.5. Placental Sample Collection 

Placental samples were randomly harvested immediately following delivery, within 10 min of 

delivery. Small fragments of villous (~100 mg) were isolated from the central area of the placenta, 

then were placed on ice and washed with phosphate buffer solution (PBS) to eliminate the blood. The 

placental samples were stored at -80°C until further analysis. 

4.6. Assessment of Plasma and Placental MDA 

The levels of MDA in maternal plasma, umbilical cord plasma and placental tissue were assessed 

following the previously described protocol [48]. In brift, 150 μL plasma were reacted with the stock 

reagent containing 10% TCA, 5 mmol/L EDTA, 8% SDS and 0.5 μg/mL BHT.  The mixture was 

incubated for 10 min at room temperature and added with 0.6% TBA. Afterward, the mixture was 

boiled in a water bath for 30 min. After cooling, the mixture was centrifuged at 1000× g for 10 min. 

The absorbance of the supernatant was measured at 532 nm by a spectrophotometer. 1,1,3,3-

tetraethoxypropane was used to generate a standard curve. Data were expressed as nmol/mg protein.  

4.7. Assessment of Plasma and Placental Protein Carbonyl 

Plasma protein carbonyl content was determined via 2,4-dinitrophenylhydrazine (DNPH) 

derivatization and spectrophotometric analysis at 370 nm, as previously described [49]. The 

extinction coefficient of DNPH is then employed to convert absorbance into protein carbonyl 

concentration (nmol/mg protein). 

4.8. Assessment of Plasma Catalase Activity 
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Catalase activity in maternal plasma, umbilical cord plasma and placental tissue was assessed 

following the previously described protocol [48]. In brief, 20 µL of plasma or standard solution was 

added to the microplate. The mixture of substrate containing 65 μmol/mL of H2O2 in 60 mmol/L PBS 

(pH 7.4) was added. After incubation at 37 °C for 1 min, 100 µL of ammonium Molybdate ((NH4)6 

Mo7O24 .4 H2O) was added to stop the reaction. The yellow complex was determined under a 405 

nm wavelength. Catalase from bovine liver (Sigma-Aldrich, United States) was used to generate 

standard curve. Data were expressed as U/mg protein.   

4.9. Assessment of Plasma SOD Activity 

Plasma SOD activity was assessed using the SOD Assay Kit - WST (Dojindo Laboratories, Japan) 

based on colorimetric analysis. The procedure included: add 20 µl of sample solution to each well, 

with 20 µl of ultrapure H2O to each blank well; add the working solution, dilution buffer, and enzyme 

solution; incubating at 37 °C for 20 minutes; and measured absorbance at 450 nm with a microplate 

reader. SOD activity was calculated as the %inhibition rate/mg of protein. 

4.10. Assessment of Plasma Protein Content and Lipids 

Maternal blood and umbilical cord blood were used for measurement of lipid profile; total 

cholesterol, and triglycerides. The measurement was done at Community Medical Laboratory, 

Faculty of Associated Medical Sciences, Khon Kaen University.  

Protein concentration in plasma samples were quantified using the Bradford assay. 

Briefly, diluted samples were incubated with Bradford reagent, and the absorbance at a specific 

wavelength (595 nm) were measured using a microplate reader. A standard curve generated with 

protein standard (BSA) were employed to convert absorbance values into protein concentration. 

4.11. Placental Protein Extraction and Expression Analysis 

Placental samples were homogenized in PBS containing proteolytic enzyme inhibitors 

(Complete-Mini; Roche), using an Ultra-Turex homogenizer (Bioblock Scientific, Illkirch, France). 

After homogenization, placental samples were centrifuged for 30 min at 4,000 rpm and the 

supernatant (protein extracts) was collected for western blot analysis. 

Placental antioxidant protein expression was measured by using 30-50 ug protein samples. 

Placental protein was separated by 10% - 12% SDS-PAGE gels. Primary antibodies against SOD2 

(Santa Cruz Biotechnology, Heidelberg, Germany; 1:1000), catalase (Sigma-Aldrich, St. Louis, MO, 

USA; 1:2000), UCP2 (Santa Cruz Biotechnology, Heidelberg, Germany; 1:1000), and Nrf2 (Santa Cruz 

Biotechnology, Heidelberg, Germany; 1: 500) were applied overnight at 4◦C. After washing, 

secondary antibody (anti-mouse IgG peroxidase conjugated) was applied for 1 hr. at room 

temperature. Blots was washed and incubated in commercially enhanced chemiluminescence 

reagents (ECL Prime, Amersham Bioscience, Little Chalfont, Buckinghamshire, UK), and bands were 

detected by ChemiDoc XRS+ imaging system (Bio-Rad, USA). Blots were re-incubated with β-actin 

antibody (Santa Cruz Biotechnology, Heidelberg, Germany; 1:4000 final dilution) as internal control. 

Expression values of SOD2, catalase, UCP2 and Nrf2 were normalized with β-actin. 

4.12. Statistical Analysis 

Data was statistically analyzed using the Graph-Pad Prism software version 9.3.1 (GraphPad, 

USA). The Kolmogorov-Smirnov test was used to analyze the normality of the data. Data with normal 

distribution were expressed as mean ± standard error of mean (SEM). The comparison between the 

two groups was done by using Student ś t-test and Pearson’s Chi-square. The differences were 

considered significant when p < 0.05. 

5. Conclusions 

This study provides evidence that maternal nutrition plays an important role in alteration of 

maternal feto-placental oxidative balance. The neonatal oxidative stress observed in obese pregnancy 
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may be a key downstream moderator of fetal programming, which lead to an increased susceptibility 

to oxidative stress related diseases in later life. The results provide scientific evidence to perform 

nutritional counselling to women in reproductive age to improve maternal-fetal health and reducing 

the impact of fetal programming in the future generations. 
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