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Abstract

Free radicals play an important role in the pathogenesis of tissue damage in many clinical disorders,
including atherosclerosis. This study was to investigate lipids and oxidative stress markers among
women with 50 healthy non-pregnant compare with 50 healthy pregnant and 50 pregnancy-induced
hypertensive subjects and correlate with cardiac troponin I (¢Tnl) and troponin T (cTnT). The level of
plasma thiobarbituric acid reactive substances (TBARS), ¢Tnl and ¢TnT levels significantly increase in
pregnancy-induced hypertension compare with other groups. The level of lipids significantly altered in
pregnancy-induced hypertension. Conversely, the activities of both enzymatic and non-enzymatic
antioxidants were significantly decreased in pregnancy-induced hypertension compared to non-
pregnant and healthy pregnant. Our data suggest that there is an imbalance between lipoperoxidation
and antioxidants levels during pregnancy and preeclampsia. Serum cTnl and cTnT are elevated in
women with pregnancy-induced hypertension indicating some degree of cardiac myofibrillar damage

and cardiac dysfunction.

Introduction

Preeclampsia is the leading cause of maternal
mortality in developed countries and is associated
with a five-fold increase in perinatal mortality; the
major cause of fetal compromise is reduced
uteroplacental perfusionl. Many pathophysiological
features of preeclampsia such as increased
sensitivity to presser agents, activation of the
coagulation cascade and increased vascular
permeability suggest that vascular endothelial
dysfunction is an important component of this
disorder however; the pathogenesis of endothelial
disfunction remains unclear. It has been postulated
that free radical mediated lipid peroxidation may be
involved in this process”.

Pregnancy dyslipidemia is associated with an
increased risk of preeclampsia. Women with a
history of preeclampsia have significant differences
in lipid parameters and an increased susceptibility
to lipoprotein oxidation when compared with
women who had normal pregnancy. Disorders of
lipoprotein metabolism are reported to be a major
cause of hypertension in preeclampsia® *.

Troponin (cTnl and cTnT) is a constituent of the
troponin complex, which regulates the interaction
of actin and myosin in striated muscle. Cardiac
troponin contains an immunologically distinct N-
terminus amino acid chain not expressed in skeletal
isoforms. Cardiac troponin is released into the
circulation in response to myocardial injury and has
been shown to be one of the most sensitive and
specific markers of myocardial damage both in
ischemic and non-ischemic condition™®.

Lipid peroxides formed at a primary site are then
transported through the circulation by lipoproteins
causing damage at distant tissues’. The endothelial
cells lining the high-pressured arterial vessels are
particularly vulnerable to oxygen free radical
initiated lipid peroxidation. Impaired function of
generalized vascular endothelium may, in turn,
cause vasospasm and an increase in sensitivity to
vasopressors occurring in preeclampsia. Lipid
peroxidation is a process determined by the extent
of the peroxide-forming free radical mechanisms
and the peroxide-removing antioxidative system. It
occurs at low levels in all cells and tissues at
certain equilibrium. Antioxidants counteract free



radical disturbances and thereby protect cell
membranes against free radical mediated lipid
peroxidation. Excesses of free radicals are typically
accompanied by increased utilization of
antioxidants resulting in a decrease in their
concentrations. Moreover, antioxidant activities of
superoxide dismutase and glutathione peroxidase
and tissue levels of vitamin E are lower in
preeclamptic placenta compared with normal
pregnancies” . This current study, therefore, was
aimed at investigating the possible link between the
lipids, cardiac markers and oxidative stress markers
in pregnancy induce hypertensive women as
compared to healthy pregnant and healthy non-
pregnant women.

Materials and Methods

Study population: The population consisted of 150
subjects divided into three groups of women within
the age group 19-37 years, of healthy non-pregnant
(n=50) compare with health pregnant (n=50) and
pregnancy-induced hypertension (n=50) were
investigated. The prospective study was carried out
at the Sri Sugam Hospital, Salem, Tamil Nadu,
India from January 2007 to January 2009. The
study was approved by the Human Bioethics
Committee (decision SSH/164/2006), and informed
verbal consent was obtained from all subjects.

Eligible cases were singleton pregnancies with the
diagnosis of preeclampsia. Criteria for the
definition of preeclampsia were those of the
International Society for the Study of Hypertension
in Pregnancy. Preeclampsia was diagnosed in
previously normotensive women with two repeat (4
hours apart) diastolic blood pressure measurements
of 90 mmHg or greater after the 20th week of
gestation''. The definition of severe preeclampsia
was established if any of the following were
present: persistent diastolic blood pressure greater
than 110 mmHg, elevated transaminase levels
(GOT >40, GPT >40). No cases or controls had
received vitamin supplements or aspirin in the
month before enrollment Sample collection and
hemolysate preparation: Blood samples were
collected by venous puncture in heparinized tubes
and the plasma was separated by centrifugation at
x1,000 g for 15 min. After the collection of plasma,
the buffy coat was removed and the packed cells
were washed thrice with cold physiological saline.
A known volume of the erythrocytes was lysed
with hypotonic phosphate buffer (pH 7.4). The
hemolysate was separated by centrifugation at
x2,500 g for 10 min at 2°C. Biochemical
estimations were carried out immediately.

Biochemical analysis: Biochemical investigation
including total cholesterol, triglyceride, HDL-C and
LDL-C were determined using fully automated
clinical chemistry analyzer (Hitachi 912,
Boehringer Mannheim, Germany). Serum VLDL-C
was calculated according to Friedewald et al'’.
Estimation of cTnl level measured by automated
immunoassay analyzer (AXSYM System -Abbott
Laboratories, Abbott Park, USA). ¢cTnT measured
by Roche Elecsys 2010 immunoassay analyzer,
USA.

Estimation of lipid peroxidation: Lipid peroxides
were estimated by measurement of thiobarbituric
acid reactive substances in plasma by the method of
Yagi'’. The pink chromogen produced by the
reaction of thiobarbituric acid with malondialde-
hyde, a secondary product of lipid peroxidation was
estimated. The absorbance of clear supernatant was
measured against reference blank at 535 nm.

Estimation of enzymic antioxidants: Superoxide
dismutase (SOD) was assayed utilizing the
technique of Kakkar et al'* based on inhibition of
the formation of nicotine amide adenine
dinucleotide, phenazine methosulfate and amino
blue tetrazolium formazan. A single unit of enzyme
was expressed as 50% inhibition of nitroblue
tetrazolium reduction/min/mg protein.  Catalase
(CAT) was assayed colorimetrically at 620 nm and
expressed as pmoles of H,O, consumed/min/mg Hb
as described by Sinha'’. The reaction mixture (1.5
mL) contained 1.0 mL of 0.01 M phosphate buffer
(pH 7.0), 0.1 mL of hemolysate and 0.4 mL of 2 M
H,0,. The reaction was stopped by the addition of
2.0 mL of dichromate-acetic acid reagent (5%
potassium dichromate and glacial acetic acid were
mixed in 1:3). Reduced glutathione (GSH) content
was determined by the method of Ellman'®. 1.0 mL
of plasma was treated with 0.5 mL of Ellmans
reagent (19.8 mg of 5,5'-dithiobisnitro benzoic acid
(DTNB) in 100 mL of 0.1% sodium nitrate) and 3.0
mL of phosphate buffer (0.2 M, pH 8.0). The
absorbance was read at 412 nm. GSH content was
expressed as mg/dL. Glutathione peroxidase (GPx)
activity was measured by the method described by
Rotruck et al'’. Briefly, reaction mixture contained
0.2 mL of 0.4 M Tris-HCI buffer pH 7.0, 0.1 mL of
10 mM sodium azide, 0.2 ml of homogenate
(homogenized in 0.4 M, Tris-HCI buffer, pH 7.0),
0.2 mL glutathione, 0.1 mL of 0.2 mM H,O,. The
contents were incubated at 37°C for 10 min. The
reaction was arrested by 0.4 mL of 10% TCA, and
centrifuged.  Supernatant was assayed for
glutathione content by using Ellmans reagent (19.8
mg of 5,5'-dithiobisnitro benzoic acid (DTNB) in
100 mL of 0.1% sodium nitrate).



Table I: Demographic characteristics of study population in non-pregnant, pregnant and preeclampsia subjects

Parameter Non-pregnant Normal pregnant Preeclampsia
women women women
Mean age (mean + SD; years) 25+5 28+9 27+8
Weight 55+8 65+5 67+7
Body mass index (mean + SD; Kg/m?) 23+3.0 27 £ 4.6%* 29 +5.3™"
Risk factors
Hypertension - 36 (73 %) 12.5 (25 %)
Diabetes mellitus - 50 (100%) -
Average systolic blood pressure (mm of Hg) 120+2 119+£2M 167 + 207
Average diastolic blood pressure (mm of 80+ 1 80+£2M 117 £ 127
Hg)
Average period of gestation - 36 weeks 35 weeks

Values are given as mean + S.D from 50 subjects in each group; Preeclampsia women compared with non-pregnant women (“*p<0.001); * Normal pregnant
women compared with non-pregnant women (**p<0.01, NS-Not significant); ‘Preeclampsia women compared with normal pregnant women (* - p<0.001)

Table I1: Comparison of biochemical changes and cardiac markers in non-pregnant, pregnant and preeclampsia subjects

Parameter Non-pregnant Normal pregnant Preeclampsia
women women women
Total cholesterol (mg/dL) 154+ 12.7 168 £ 10.5™ 221 + 18.87%
Triglyceride (mg/dL) 92+11.5 132+18" 252+ 227
HDL-cholesterol (mg/dL) 47+4 44 £ 5N 34+ 7%
LDL-cholesterol (mg/dL) 78+ 8 85+ 10N 138 + 137
VLDL-cholesterol (mg/dL) 25+5 39+6 50 + 5°%
Troponin T (ng/mL) 0.000 = 0.000 0.001 = 0.00™ 0.85 +0.03™
Troponin I (ng/mL) 0.000 = 0.000 0.01+0.00™ 1.02 + 0.093™*

Values are given as mean + S.D from 50 subjects in each group; “Preeclampsia women compared with non-pregnant women (““p<0.01, ““p<0.001); *Normal
pregnant women compared with non-pregnant women (*p<0.05, **p<0.01, NS-Not significant); ‘Preeclampsia women compared with normal pregnant women

(*-p<0.001)
Table I1. Hlustrates the level of circulatory lipid peroxidation, antioxidant status in non-pregnant, pregnant and preeclampsia subjects
Parameter Non-pregnant Normal pregnant Preeclampsia
‘Women women women

TBARS (nmole/mL) 2.51+0.21 4.12 +£0.35% 6.88 £ 0.38™%
SOD (Unit" mg/Hb) 421+0.36 3.24+£0.27* 2.47 035
CAT (Unit® mg/Hb) 70.5 £ 7.60 58.7 £ 6.70* 50.4 + 6.30™%
GPx (Unit° mg/Hb) 8.35+£1.79 6.89 £ 1.23* 5.87 +1.55%%
GSH (mg/dL) 39.18 £1.67 30.09 +3.14* 27.09 + 433
Vitamin A (mg/dL) 0.97 +0.08 0.65+0.061* 0.40 £ 0.067*
Vitamin C (mg/dL) 1.41+0.21 0.98 +0.13* 0.65 +0.19™#
Vitamin E (mg/dL) 1.46 +0.28 1.63£0.13* 0.73 £0.25™%

Values are given as mean + S.D from 50 subjects in each group; “Preeclampsia women compared with non-pregnant women (““p<0.01, ““p<0.001); *Normal
pregnant women compared with non-pregnant women (*p<0.001); *Preeclampsia women compared with normal pregnant women (* - p<0.001); A—One unit of
activity was taken as the enzyme reaction, which gave 50% inhibition of NBT reduction/min/mg Hb; B — pmol of H,O, consumed/min/mg Hb; C — pmol of

GSH consumed/min/mg Hb

Estimation of plasma vitamins: Plasma vitamin A
(B-carotene) was estimated by the method of Bradle
and Hombeck'®. Proteins were precipitated with
ethanol and the carotenes were extracted into light
petroleum. The intensity of the yellow color due to
carotene was read directly at 450 nm using a violet

filter. Vitamin E was measured by the method of
Baker et al'’ on the basis of the reduction of ferric
ions to ferrous ions by vitamin E (a-tocopherol)
and the formation of a red colored complex with
2.2’-dipyridyl at 520 nm. Vitamin C (ascorbic acid)
was estimated by the method of Roe and Kuether®.



This involves oxidation of ascorbic acid by copper
followed by treatment with 2,4-dinitrophenyl-
hydrazine that undergoes rearrangement to form a
product with absorption maximum at 520 nm.

Statistical analysis: All data were expressed as
mean + SD. The statistical significance was
evaluated by Student’s t test using Statistical
Package for the Social Sciences (SPSS Cary, NC,
USA) version 10.0.

Results

All the studied groups had similar mean age and
mean pregnancy period. Indices of obesity (weight
and BMI) were significantly increased in the entire
studied group as compared to the control group.
Mean blood pressure (systolic and diastolic) was
significantly raised in preeclamptic patients
compare with pregnant and non-pregnant subjects
(Table I).

Table II shown the comparison of biochemical
changes and cardiac markers in non-pregnant,
pregnant and  preeclepsia  subjects.  Total
cholesterol, triglyceride, VLDL, LDL-C and cTnl
and cTnT levels were significantly higher in the
preeclamptic patients compare with pregnant and
non-pregnant subjects but the plasma HDL-C
concentrations were much lower in these groups
than in the control group. The mean level of lipids
and cardiac troponins was statistically significant in
preeclampsia women compared with normal
pregnant women.

Significant increase in TBARS concentrations was
observed in preeclamptic patients compare with
pregnant and non-pregnant subjects (Table III). The
concentration of TBARS was significantly greater
(p<0.001) in preeclampsia women compared with
normal pregnant women. The significantly
decreased average means level of plasma
antioxidant vitamins (vitamin A, E and C) in
preeclampsia subjects as compared to pregnant and
non-pregnant women. The activity of enzymic
antioxidants like SOD, CAT, GSH and GPx were
significantly raised in preeclamptic patients
compare with pregnant and non-pregnant subjects.
The mean level of erythrocyte antioxidant was
statistically significant at p<0.001 in preeclampsia
women compared with normal pregnant women.

Discussion

Lipid peroxidation, a central feature of oxidant
stress, may alter membrane integrity and/or
membrane-associated functions and can be assessed
by a number of methods that include the

quantification of either primary or secondary
peroxidation end products. Our results increased
BMI examined in the present study could partly
explain the significant increase in TG and LDL
because increase in weight and BMI is associated
with increase in body fat percentage levels. It is
known that pregnancy-induced hypertension is
associated with hypertriglyceridemia. The above-
mentioned interactions along with increased
endothelial triglyceride accumulation may result in
endothelial cell dysfunction during gestation.
Increased TG, found in pregnancy-induced
hypertension, is likely to be deposited in
predisposed vessels, such as the uterine spiral
arteries and contributes to the endothelial
dysfunction, both directly and indirectly through
generation of small, dense LDL. Moreover, this
hypertriglyceridemia may be associated with
hypercoagulability”'**.

A significant fall in LDL-C concentration in the
control group as observed in this present study may
be attributed to hyperoestrogenemia, while LDL-C
levels increased significantly in the pregnancy-
induced hypertension subjects. Moreover, other
studies have also demonstrated that there is a
predominance of the atherogenic small LDL and
that vascular cell adhesion molecule are increased
in association with hyperlipidemia in pregnancy-
induced hypertension. The endothelial dysfunction
in pregnancy-induced hypertension could originate
from oxidative stress as well as dyslipidemia. Many
different enzymatic processes can generate free
radicals. They are extremely reactive and interact
with polyunsaturated fatty acids to produce lipid
peroxides with a much longer half-life* >,

We have demonstrated that serum cTnl and c¢TnT
levels are elevated in association with hypertension
in pregnancy, and that proteinuric hypertension is
associated with the highest levels. Due to the
established specificity of this isoform of troponin T
and I for cardiac tissue the most likely explanation
for these findings is that some degree of
myofibrillary damage occurs in association with
hypertension in pregnancy. There are no data to
suggest that placental production of cTnl occurs
and its specificity for cardiac muscle, as distinct
from vascular smooth muscle, would militate
against this possibility. In addition, we have
reported no significant immunoreactivity for c¢Tnl
in human placental homogenates™® .

The time course of cardiac troponins elevation in
association with hypertension in pregnancy is
unclear from our data. While the elevated levels
reported here for hypertension in pregnancy are
similar to those observed in acute congestive
cardiac failure, the clinical significance of this for



the pregnant woman is unknown. It does, however,
raise questions for which there are no clear answers
concerning optimal short term and long term left
ventricular function. Finally, we did not examine
the effects of antihypertensive treatment on cardiac
troponins levels and cannot comment on the
usefulness of serial cardiac troponins measurements
in the assessment of treatment response in
pregnancy-induced hypertension24.

There have been studies, which suggested that
endothelial ~ changes in  pregnancy-induced
hypertension pathophysiology might be related to
either an increase or a decrease in the synthesis of
nitric oxide (NO). The NO and MDA levels may
possibly be related to the pathogenesis of
pregnancy-induced hypertension because, dysfunc-
tion of endothelial cells can contribute to
inappropriate vasoconstriction and platelet aggre-
gation which are early signs of atherosclerosis,
hypertension and coronary vasospasm. Evidence
indicates that NO can have either a pro-oxidant or
an antioxidant effect on lipid peroxidation,
depending on a variety of contingent factors. At
relatively high concentra-tions, NO can attenuate
membrane dysfunction and tissue injury, while
acting as a reactive oxygen metabolite™.

TBARS levels reflect oxidative stress and seem to
increase in certain complications of pregnancy. In
this study, TBARS levels increased both in
pregnancy and preeclamptic patients. Increased
TBARS levels reflect lipid peroxidation in cells and
may suggest decreased enzymatic free radical
scavenging capacity in preeclamptic patients.
Results of the present study confirm increased
oxidative stress during normal pregnancy and
pregnancy-induced hypertension. Lipid peroxide-
tion may be an important factor in the pathogenesis
of pregnancy-induced hypertension 2,

Reduced SOD, GSH-Px and CAT are antioxidant
enzymes responsible for the defense against
oxidative tissue damage. In this study, SOD levels
showed a decline in preeclamptic women. Over
expression of the antioxidant complex enzyme
SOD has been postulated as one of the major
mechanisms by which cells counteract the
deleterious effects of ROS and protect themselves
from oxidative damage and, in PE, could play a
protective role against initial peroxidation
processes. Nevertheless, analysis of molecular
mechanisms linked to antioxidant response, which
did not form part of the present study, may provide
mechanistic clues to the activation of antioxidant
defense systems in normal and PE pregnancies™’.
Our results are consistent with the literature as
GSH-Px is concerned. In the study mentioned,
CAT levels decreased in preeclamptic patients

when compared with the healthy pregnancy and
control group. This might result from elevated free
radicals suppressing GSH-Px and CAT activities in
patients with preeclampsia. XO is an integral
mediator of reactive oxygen species generation.

Plasma antioxidant activities alter progressively
throughout pregnancy as mentioned earlier. Our
present study was an attempt to evaluate its
correlation with the etiology of preeclampsia.
Antioxidant vitamins, with the ability to stabilize
highly reactive free radicals, act as the first line of
defense against free radical attack and lipid
peroxidation. Vitamins E (oc-tocopherol) and C,
have differences in the contribution they make to
antioxidant potential, as vitamin E is the major lipid
soluble chain-breaking antioxidant in cell
membranes while vitamin C is an important
aqueous phase antioxidant. Antioxidants may act
synergistically, for instance, when vitamin C
regenerates oc-tocopherol from the tocopherol
radical this 'sacrificial' antioxidant acts more by
sparing vitamin E than by recycling. The important
role of vitamin C in preeclampsia, suggest that
changes in its concentration may influence
susceptibility of vascular endothelium to oxygen
toxicity. Thus, our present study on vitamin C
concentration may provide a means of assessing the
total capacity of the chain-breaking antioxidants to
prevent lipid peroxidation in plasma and it might be
important to evaluate the effectiveness of potential
antioxidant defense systems in limiting scale. This
study, further, provides evidence for the
relationship between plasma vitamin C levels
during the pregnancy and preeclampsia®’. Our
study indicates that normal pregnant women had
markedly reduced enzymic and non-enzymic
antioxidants as compared to non-pregnant controls.
Further decrease was observed in pregnancy-
induced hypertension patients when compared to
normal pregnants. Our findings exhibits markedly
increased levels of lipid peroxidation and
significantly decreased levels of antioxidants are
important factor in the pathogenesis of pregnancy-
induced hypertension.

In conclusion, the findings suggest that significant
increase in cardiac markers, lipid peroxidation with
diminished level of enzymatic and non-enzymatic
antioxidants are responsible for the pathogenesis of
pregnancy-induced hypertension.
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