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Abstract

One of the Sustainable Development Goals is to reduce child mortality and to improve maternal
health. Preeclampsia has been linked to oxidative stress and dyslipidemia. This study assessed
triglyceride, malondialdehyde and glutathione in pregnant women with preeclampsia. This was a
case-control study. Serum Triglyceride (TG), Malondialdehyde (MDA) and Glutathione (GSH) levels
were assessed in 90 consecutively recruited female subjects comprised of 30 non-pregnant women as
controls, 30 normotensive pregnant women and 30 preeclamptic pregnant women. MDA, GSH and
TG levels were determined using colorimetric methods. Anthropometric data and blood pressure were
determined using standard methods while socio-demographic information was collected using a well-
structured questionnaire. Data were analyzed using t-test, ANOVA and Pearson’s correlation.
Statistical significance was set at p<0.05. MDA and TG levels were significantly higher (p<0.05) in
preeclamptic group than the normotensive pregnant and non-pregnant groups. Glutathione levels
were significantly lower (p<0.05) in preeclamptic women compared to the normotensive group and
the non-pregnant group (18.4+3.83mg/dl). A negative correlation between malondialdehyde and
glutathione (r= -0.768, p=0.038) and a positive correlation between malondialdehyde and triglyceride
(r=0.27, p=0.043) were seen in preeclamptic women only. Preeclamptic women in this study had
higher triglycerides and malondialdehyde levels and lower glutathione levels when compared with the
non-pregnant and normotensive pregnant women. This may increase the risk of oxidative stress in
pregnancy.
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INTRODUCTION

Hypertensive disorders are one of the most frequent problems of pregnancy and results in
increased maternal and perinatal morbidity and mortality (Braunthal and Brateanu, 2019).
Hypertension may be pregnancy-induced, preexistent or both types may co-occur, and their
effect on the outcome of pregnancy differs depending on the type of disorder involved
(Magee et al., 2022). Hypertension in the presence of proteinuria indicates preeclampsia
(Isong et al., 2022a).

Preeclampsia can be life threatening for both mother and child. It is defined as persistent
hypertension after 20 weeks of gestation in association with significant proteinuria (WHO,
2025). This simple clinical definition gives little idea of the complexity of the disorder. This
common disorder, which is more prevalent in first pregnancies, is associated with the
highest maternal and fetal morbidity and mortality of all pregnancy complications with 90%
of the most serious outcomes occurring in developing countries (Filippi et al., 2016).
Preeclampsia is a condition that is estimated to affect 3 to 10% of pregnancies world-wide
and estimated the incidence rate in resource poor nations to be about 2.8% of live births and
0.4% in western world (Christopher et al., 2020). Studies in the University of Calabar
Teaching Hospital observed a prevalence rate of 1.2% in women who attended the antenatal
clinic (Christopher et al., 2020).

The precise origins of the disease remain enigmatic, but the placenta undoubtedly plays a
role since delivery inevitably leads to recovery (Thilaganathan, 2018). It is a complex
disorder caused by a series of multiple factors that result in the creation of the imbalance
between the free radicals nitric oxide (NO), Superoxide (O2-) and peroxynitrate in the
vascular endothelium (Juan-Reyes et al., 2020). Currently, the only treatment is available for
preeclampsia symptomatic blood pressure management and the only known cure is
delivery. Hence, about 15% of preterm deliveries are caused by preeclampsia. Also,
intrauterine growth restriction (IUGR) results in 25% of preeclampsia case. Both conditions
result in an increase in infant morbidity and healthcare expenses (Hansson et al., 2015). To
date there is neither a diagnostic test nor screening tool available for early identification of
women at risk of preeclampsia (English et al., 2015).

Several varying hypotheses and theories regarding the etiology have been put forward.
One hypothesis, that was suggested, is that the extensive vascular endothelial dysfunction
in preeclampsia is the result of circulating factors released from the placenta (Hansson et al.,
2015). The fact that removal of the placenta is necessary for symptoms to regress has
resulted in the theory that the placenta is central in the etiology of preeclampsia (Phipps et
al., 2016). According to the current theory, preeclampsia evolves in two stages. The first
stage is characterized by a defective placentation, involving incomplete conversion of the
spiral arteries by superficial in growth of trophoblasts in the decidua (Gusella et al., 2024).
Consequently, uneven blood perfusion, hypoxia, and oxidative stress follow. The second
stage of the disease is characterized by the clinical manifestations which are hypertension,
proteinuria, and edema, caused by maternal endothelial damage and systemic
inflammation. The endothelial damage is suggested to be caused by placental-derived
materials (Christopher et al., 2020). Despite intense research efforts to unveil the etiology of
preeclampsia, it remains enigmatic. However, a growing body of evidence supports the
understanding that the disease begins in the utero-placental unit, is amplified by oxidative
stress, and ends in the maternal endothelium.
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Studies in the field of cardiovascular research have shown that serum lipids have a direct
effect on endothelial function and in this way, abnormal serum lipid profiles are also
associated with endothelial dysfunction (Higashi et al., 2023). This endothelial dysfunction
has been linked to the process and products of lipid peroxidation, which is known to be
associated with pre-eclamptic condition (Higashi et al., 2023). Lipid peroxidation generates
free radical species, such as reactive oxygen products and malondialdehyde. Reactive
oxygen species generated from lipid peroxidaton include superoxide radicals (O2), peroxide
radicals (HO2) and singlet oxygen (O). Malondialdehyde levels have been used as index of
lipid peroxidation (Isong et al., 2022b) and has been reported to be inhibited in the presence
of antioxidants enzymes (superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase and glutathione-s-transferase), vitamins (vitamins A, C, a-tocopherol
and P-carotene) as well glutathione (Isong et al., 2022b). Preeclampsia has remained a
significant public health threat in both developing and developed countries. The incidence
of preeclampsia is believed to be higher in developing countries (Machano and Joho, 2020).
WHO estimate shows that incidence of preeclampsia is seven times higher in developing
countries than in developed countries. However most of the research in this redox status has
been carried out in Caucasian and Asian populations and is scarce in black populations. It is
known that variations in oxidative stress indices exist in different regions due the influence
of genetic and epigenetic factors. Pregnant women in Calabar, Nigeria are also not routinely
screened for these parameters. This study therefore evaluated triglyceride, malondialdehyde
and glutathione levels in pregnant women with preeclampsia in Calabar, Nigeria.

METHODOLOGY

Subject selection and study location

This study was a case-control study consisting of ninety (90) female subjects aged between
20 - 40 years. Thirty (30) of these were non-pregnant healthy women, thirty (30) were
normotensive pregnant women and thirty (30) were preeclamptic women. The pregnant
subjects were recruited from antenatal clinic at the University of Calabar Teaching Hospital,
Calabar. The non-pregnant women were apparently healthy women who were not pregnant
and resided in the Calabar metropolis. Ethical Clearance was obtained from the University
of Calabar Teaching hospital research ethical committee. The nature and purpose of the
research was explained to the participants and informed consent obtained. Women above 40
years of age and those who had a previous history of diabetes mellitus, cardiovascular and
renal diseases were excluded.

Sample Collection

Five milliliters (5 ml) of blood was aseptically collected by venipuncture via the median
cubital vein from the participants and dispensed into plain bottles, was allowed to clot and
retract and then spun at 3000 rpm for five (5) minutes. The serum was obtained and stored
at -20'C for estimation of malondialdehyde, triglyceride and glutathione levels.

Estimation of Analytes

Malondialdehyde was estimated by the method of Buege and Aust, (1978) where MDA
reacts with thiobarbituric acid to give a red species absorbing at 532nm. Estimation of
glutathione was done using the modified Standard Ellman’s method (Ellman, 1959) where,
Ellman's reagent (5-51 dithiobis 2-nitrobenzoic acid) reacts with glutathione to form the
chromophore 5-nitrobenzoic (TNB) and glutathione acid (GS-TNB) which is measured at
412nm. Triglyceride estimation was done using enzymatic colorimetric method using a kit
obtained from Elitech Clinical Systems, SAS, France.
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Anthropometric Measurements

Weight Measurement

Weight measurement was done using a weighing scale calibrated in kilogram (Kg). The
subjects were asked to remove their shoes from their legs, climb and stand erect on the
weighing scale and their weight read.

Determination of Blood Pressure

Both systolic and diastolic blood pressure was measured using sphygmomanometer. Cuff
was firmly wrapped around the arm. (The cuff bladder was centered directly over the
brachial vein). The arms of the subject were positioned at the level of the heart and the
subject was asked to sit quietly to avoid false increase in the blood pressure.

Statistical Analysis

Statistical analyses were performed on Microsoft Excel (MS office 2010) for windows and
SPSS version 20.0 The Student’s t-test and One Way Analysis of Variance (ANOVA) was
used in this study. Data are expressed as mean + standard deviation. Pearson’s correlation
was used for correlation analysis and the level of significance was set at P<0.05.

RESULTS

Table 1 shows a comparison of weight, blood pressure, triglyceride, malonylaldehyde and
glutathione in preeclamptic women, normotensive pregnant women and non-pregnant
women. There was a significant variation in weight, blood pressure, triglyceride,
malondialdehyde and glutathione among the three groups. A post hoc analysis showed that
the preeclamptic pregnant women had significantly higher weight, systolic and diastolic
blood pressures, malondialdehyde and triglyceride and lower glutathione compared to the
controls. Similarly, the preeclamptic pregnant women had significantly higher weight,
systolic and diastolic blood pressures, malondialdehyde and triglyceride and lower
glutathione compared to the normotensive pregnant women. The normotensive pregnant
women had significantly higher weight, systolic and diastolic blood pressures and
triglyceride and lower glutathione compared to the controls. There were no significant
differences (p<0.05) in the levels of malondialdehyde and glutathione (Table 2). Figure 1
shows a negative correlation between malondialdehyde and glutathione in preeclamptic
women (r= -0.768, p=0.038). Figure 2 shows a positive correlation between Serum
triglyceride and malondialdehyde (r= 0.27, p= 0.043) in preeclamptic group.

TABLE 1: Weight, blood pressure, triglyceride, malonyldialdehyde and glutathione
levels in preeclamptic women, normotensive pregnant women and non-pregnant women

Preeclamptic Normotensive

pregnant women  pregnant women Control
Parameters n=30 n=30 n=30 F-ratio  p-value
Weight (kg) 79.93+5.15 73.80+7.00 66.70+5.40 37.67 0.0001"
Systole (mmHg) 160.7+4.79 116.4+9.37 112.5+8.59 350.53 0.0001
Diastole (mmHg) 107.9+6.53 77.8+8.35 87.67£7.73 122.86 0.001*
MDA (pmol/ml) 0.97+1.38 0.19+0.06 0.20+0.09 9.40 0.0001"
GSH (mg/dl) 13.65+2.58 18.89+2.17 18.14+3.83 27.72 0.002*
TG (mmol/1) 1.87+0.19 1.47+0.60 1.09+0.32 27.45 0.0001"

* -Significant at P<0.05, MDA - Malondialdehyde, GSH - Glutathione, TG - Triglyceride
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TABLE 2: Weight, blood pressure, triglyceride, malonyldealdehyde and reduced
glutathione levels in preeclamptic women, normotensive pregnant women and non-
pregnant women using LSD post hoc analysis.

Parameter Groups Mean diff P-value
Preeclamptic
pregnant women Control
Weight (kg) 79.93+5.15 66.70+5.40 13.23 0.0001*
Systole (mmHg) 160.73+4.79 112.50+8.59 48.23 0.0001*
Diastole (mmHg) 107.87+6.53 87.67+7.73 20.20 0.0001*
MDA (nmol/1) 0.97+1.38 0.20+0.09 0.78 0.0001
TG (mg/dl) 1.87+0.19 1.09+0.32 0.78 0.0001*
GSH (mmol/1) 13.65+2.58 18.14+3.83 -4.490 0.0001*
Normotensive
pregnant women Control
Weight (kg) 73.80+7.00 66.70£5.40 7.10 0.000*
Systole (mmHg) 116.37+£9.37 112.50+8.59 3.86 0.000*
Diastole (mmHg) 77.77+8.35 87.67+7.73 -9.90 0.000*
MDA (nmol/1) 0.19+0.06 0.20+0.09 0.01 0.958
TG (mg/dl) 1.47+0.60 1.087+0.32 0.39 0.001*
GSH (mmol/1) 18.89+2.17 18.14+3.83 0.75 0.586
Preeclamptic Normotensive
pregnant women pregnant women
Weight (kg) 79.93+5.15 73.80+7.00 6.13 0.0001*
Systole (mmHg) 160.73+4.79 116.37+9.37 44.36 0.0001*
Diastole (mmHg) 107.87+6.53 77.77+8.35 30.10 0.0001*
MDA (nmol/1) 0.97+1.38 0.19+0.06 0.78 0.0001
TG (mg/dl) 1.87+0.19 1.47+0.60 0.39 0.001*
GSH (mmol/1) 13.65+2.58 18.89+2.17 -5.24 0.0001*

* - Significant at p<0.05, MDA - Malondialdehyde, GSH - reduced Glutathione, TG - Triglyceride
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DISCUSSION

The findings of this study show that both pregnant groups in this study had higher
triglycerides level when compared to the controls. This rise in triglycerides may be due to
increased hepatic lipase activity, leading to enhanced hepatic triglyceride synthesis. In
normal pregnancy, the increased triglyceride is used for maternal metabolic needs while
sparing glucose for the foetus (Pascual and Langaker, 2025). However, the preeclamptic
subjects in this study presented with significantly higher serum concentrations of
triglycerides as compared to both normotensive pregnant women and controls. Some
studies have described lipid alterations in pregnant patients who developed pre-eclampsia
compared with the pregnant women with no pre-eclampsia (Oyeniran et al., 2023). In these
studies, significantly higher concentrations of serum triglycerides were seen in preeclamptic
women than in the normal pregnant women which coroborates the findings of this research.
Dahlan et al., (2018) assessed serum lipid levels in 115 pregnant mothers and they found
significantly higher levels of triglycerides in the pre-eclampsia group. McElwain et al. (2020)
had reported that although it is still unclear whether hypertriglyceridemia becomes a risk
factor for preeclampsia or whether there is any causal association between them, high
triglyceride levels seem to increase the risk of placental vascular disorders, which triggers
endothelial dysfunction. The development of atherosclerosis in the placental spiral arteries

of preeclamptic women indicates that elevated levels of triglycerides are involved in this
disorder (Phipps et al., 2019).

In this study, malondialdehyde (a lipid peroxidation product) was higher in preeclamptic
women than in normotensive pregnant women and controls. An increase in MDA could be
due to increased generation of reactive oxygen species (ROS) due to the excessive oxidative
damage generated in pregnancy. There is increased oxidative stress because of placental
mitochondprial activity. The increased reactive oxygen species in turn can oxidize many other
important biomolecules including membrane lipids. The lipid peroxides and free radicals
may be important in the pathogenesis of preeclampsia (Aouache et al., 2018).

There was also a decrease in the levels of serum glutathione (GSH) in patients with
Preeclampsia when compared to normotensive pregnant women and controls. This could be
because the normotensive pregnant women recruited were apparently healthy. The decrease
in the level of this antioxidant parameter in the preeclamptic group, may be due to the
increased turnover in an attempt to reduce oxidative damage in these preeclamptic patients
suggesting an increased defense against oxidant damage in preeclampsia (Robert et al.,
2018). Glutathione and glutathione related enzymes are one of the major antioxidant systems
in the body. The low GSH levels maybe due to increased GSH activity that compensates
regulation in response to increased oxidative stress.

The findings observed in this study with respect to serum MDA and GSH in preeclamptic
women is in line with previous work by Robert et al. (2018) who reported that MDA levels
were significantly higher in the preeclamptic women than in the control group. Oxidative
stress is the result of an imbalance between the intracellular production of free radicals and
the cellular defense mechanisms. The balance between oxidants and anti-oxidants can be
disrupted by an increase in free radicals or a reduction of anti-oxidative substances like
glutathione (Chaudhary et al., 2023) therefore a reduced antioxidant level will allow high
oxidative stress of which malondialdehyde is a marker and this may be responsible for the
strong negative correlation observed in the study. The imbalance between oxidative damage
and antioxidant defenses in pre-eclampsia leads to endothelial cell dysfunction. A recurrent
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theme is that free radical reactions, promoted by “cross-talk” between the diseased placenta
and maternal dyslipidemia, promote a vicious cycle of events that make cause and effect
difficult to distinguish but may contribute to the progression of preeclampsia. Oxidative
stress play a significant role in the pathophysiology of pre-eclampsia and supplemental
dietary antioxidants may have a beneficial role in the prevention of the disease and
improvement in maternal and child health.

CONCLUSION

The findings of this work have shown that pregnant women with preeclampsia have
increased serum triglyceride and malondialdehyde levels and a reduced serum reduced
glutathione level compared to normotensive pregnant women and non-pregnant women.
This may contribute to oxidative stress and increased intensity of the preeclamptic
condition. Therefore, antioxidant supplementation may have a beneficial role in the
prevention/management of the disease.
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