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Background: Oxidative stress reflects an imbalance between the systemic manifestation of reactive
oxygen species and a biological system's ability to readily detoxify the reactive intermediates or to
repair the resulting damage. Normal pregnancy is associated with high metabolic demand and
elevated requirement for tissue oxygen. There is increased production of reactive oxygen species and
increased oxidative stress. Plasma Ascorbate, Erythrocyte Plasma Membrane Redox System and
Ascorbate Free Radical Reductase System are some of the antioxidants. Objectives: In our study we
wanted to evaluate the change in these antioxidents’ levels in different trimester of normal pregnancy
in respect to non pregnant women. Methods: The methodology includes measurement of PMRS
activity by Avron and Savit’s procedure; Vitamin C by Teitz and AFR reductase activity by guidline
of May et al. Results: In respect to control group there was no significant difference in 1% trimester
and 2™ trimester, but there was significant difference in 3" trimester in PMRS values. Vitamin C
levels showed no significant difference in 1% trimester but there was significant difference in 2™ and
3" trimester compared to controls. In respect to control group there was significant difference with
192" and 3™ trimester in AFR Reductase activity. On correlation study NADH Values ( AFR
reductase activity was measured in terms of NADH oxidase) had negative correlation with PMRS and
positive correlation with Vitamin C in both non pregnant and pregnant women. Conclusion: In
present study it can be concluded that as the trimesters progress there is increase in PMRS level, AFR
activity and decrease in Vitamin C level with increase in oxidative stress.
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INTRODUCTION

This result in increased oxidative stress (Dr. P. Saikumar,
2013). The property of erythrocyte to reduce membrane

Oxidative stress reflects an imbalance between the systemic impairment anions was reported by Orrienger and Roer

manifestation of reactive oxygen species and a biological
system's ability to readily detoxify the reactive intermediates
or to repair the resulting damage. Disturbances in the normal
redox state of cells can cause toxic effects through the
production of peroxides and free radicals that damage all
components of the cell, including proteins, lipids and DNA
Oxidative stress from oxidative metabolism causes base
damage, as well as strand breaks in DNA. Base damage is
mostly indirect and caused by reactive oxygen species (ROS)
generated, e.g. O, (superoxide radical), OH- (hydroxyl
radical) and H,O, (hydrogen peroxide) (Chandra Kala, 2015).
Normal pregnancy is associated with high metabolic demand
and elevated requirement for tissue oxygen. There is increased
production of reactive oxygen species.
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(Orringer, 1979). Later researches established the existence of
transmembranous NADH dehydrogenases in several other cell
type also (Greibing, 1984; Kilberg, 1979). As per A. D. N. J.
de Grey the term “plasma membrane redox system “is used to
denote the machinery by which cells oxidize electron donors,
typically NADH and/or NADPH, and transfer the resulting
electrons to extracellular acceptors. This plasma membrane
redox system (PMRS) helps the cells to respond to redox
changes there by regulating many cellular functions. The
PMRS reduces extracellular oxidants by using the reducing
power of intracellular antioxidants, making the cell metabolism
respond to changes in local redox environment (Eleanor,
2003). Although the exact physiological function of PMRS is
not fully understood, proposed function include maintenance
of redox state of sulfhydryl residues in membrane proteins
neutralization of oxidative stressors outside the cells,
stimulation of cell growth, recycling of a tocopherol, reduction
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of lipid hydro peroxides, maintainance of extracellular
concentration of ascorbic acid and reduction of ferric ions prior
to iron by a transferring independent pathway (Rizvi, 2006).
One of the main electron donor of PMRS is ascorbate. Vitamin
C plays an important role in protecting the cells against
oxidative stress. This vitamin readily scavenges reactive
oxygen species (ROS) and reactive nitrogen species.(e.g.
hydroxyl, peroxyl ,superoxide, peroxynitrite and nitric oxide
radicals) as well as singlet oxygen and hypochlorite, thereby
preventing cell damage by those substances. Cell metabolism
utilizes ascorbic acid essentially as an electron donar, so that
ascorbic acid undergoes continous oxidation and reduction.
Oxidation products are ascorbic free radical and
dehydroascorbic acid. They can be reconverted to ascorbic
acid by two enzymes: AFR-reductase and DHA reductase
(OresteArrigoni, 1981). In this study change in the level of
Vitamin C ,Erythrocyte Plasma Membrane Redox system and
Ascorbate free radical reductase system in different trimester
of normal healthy pregnancy in respect to age matched non
pregnant women were measured. Measurement of PMRS
activity was done by ferricyanide reduction test using 2,4-
DNPH(as described by Avron and Savit) (Avron, 1963).
spectrophotometric measurement of Vitamin C using
metaphosphoric acid(Teitz Method) (Tietz, ?) AFR reductase
activity was measured by generating AFR in dilute
heamolysate incubated at 37 °centigrade at PH 7 Phosphate
buffer saline (PBS) containing 1 m Mascorbate, 100 microlitre
of 50U/ml of ascorbate oxidase and 0.1 mM of NADH and
amount of NADH oxidized (as described by May et al) (May,
2004). In our study we tried to find out if these antioxidant can
be used to reduce oxidative stress in different trimester of
normal pregnancy. To full fill this we had set our objectives as
follows:

e To assess if there is any increase in oxidative stress in
normal pregnancy in respect to non pregnant normal
patient by measuring these three parameters.

e To assess whether any interrelationship exists in
between these three parameters.

e To assess whether there is any change in these
parameters with increase in the trimesters of pregnancy.

MATERIALS AND METHODS

Study design: Cross Sectional Case Control study.

Study area: Department of Biochemistry, in collaboration
with, Department of Gynaecology and Obstetrics, in our
Medical College and Hospital, Kolkata.

Sample-size: Cases ~ 90 normal pregnant patients attending
Gynae and Obstretic-OPD and Biochemistry Department of
our Medical College and Hospital. Controls ~ 30 non pregnant
age matched women were taken as controls.

Sample design: For selection of study subjects from the
population, systematic random sampling done meeting
inclusion and exclusion criteria. Each participant was provided
with a written informed sheet and blood samples were
collected after taking a written informed consent.

Inclusion criteria: Pregnant women of different trimesters
during study period.

Exclusion criteria: Pre-eclampsia Pre existing DM,
Gestational Diabetes Any chronic inflammatory disease
Twin Pregnancy/Molar Pregnancy/Ectopic Pregnancy HIV
infected Pregnancy.

Method of data collection: The patients were selected first
from the Gynae and Obs. outdoor of our Medical College and
Hospital, Kolkata according to the inclusion and exclusion
criteria after obtaining consent of the patient in proper consent
form. 90 cases were selected randomly from those patients.
Detailed history was gathered. After that blood for biochemical
investigations was collected. The collected data was then
analyzed.

Laboratory parameters and procedures

e RBC PMRS activity by Ferricyanide reduction test
using 2,4- DNPH by M. Avron and N. Savit method.

e Plasma Vitamin C estimation by UV- Visual double
beam spectrophotometric method using metaphosphoric
acid (Teitz’s method).

e Measurement of NADH dependant AFR Reductase
activity by method used by May et al. AFR reductase
activity is reported in terms of pmol of NADH
oxidised/mim/ml RBC.

e All reagents are used of AR (Analytical Reagent) or GR
(Guaranteed Reagent) grade.

Plan of Statistical Analysis : All recorded data was analyzed
using standard statistical methods including standard diagrams
and graphs. Statistical software’s like IBM SPSS™2020 and
Microsoft excel 2013™ were used for this purpose.

RESULTS

In this study it was observed that as per Normality
test(Kolmogorv-Smirnov test ): study population was normally
distributed. The mean, S.D. (Standard Deviation) were
calculated. Subsequently relation between different data were
analysed by using ANOVA, Least significant differences,
pearson correlation co efficient(p<0.05 considered significant).
In our study, we found 75% were pregnant and 25% were non
pregnant and 33% in both of 1* and 2™ trimester and 34% in
3™ trimester. There were 42 cases in primigrvida and 48 cases
in multigravida and their age, weight and parity wise
distribution is shown statistically in Table 1.

Table 1. Age, weight and parity wise distribution of the

population
Trimester ~ Age (years) as Weight (kgs) as
mean+SD mean+SD
I 22.36 +1.06 49.1+0.84
2m 22.63+1.18 53.9+1.01
3¢ 22.9+1.09 5731£1.26
Control 21.26+1.14 46.06 + 0.74

AFR reductase activity was measured in terms of NADH. Our
study found that as more and more AFR would be used up
NADH would be oxidised and value of NADH would decrease
(Table 2). This finding can infer that more and more the
metabolic demand more will be generation of free radical
resulting in increase oxidtive stress as pregnancy goes on
oxidative stress will increase.
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Table 2. NADH, PMRS and Vitamin C level in different trimesters of cases and controls

N- sample size NADH (pmol/min/ml of RBC)  PMRS (umol/ml of PRBC) Vitamin C (mg/dl)
1* trimester 30 1.35940.2020 6.088+0.4271 9.363+0.7841
2" trimester 30 0.928+0.1807 6.134+0.4223 8.477+0.5425
3" trimester 30 0.877+0.2389 6.817+0.4978 5.880+0.2999
Controls 30 1.488+0.2582 5.971+0.3463 9.370+0.6331
All values are expressed in mean+SD.
Table 3. Multiple Comparision Study Table
Least Significant Difference
Dependent variable Group Group Significance

PMRS Control 1 trimester 0.289

2" trimester 0.14

3 trimester 0.00

1* trimester Control 0.289

2" trimester 0.675

3 trimester 0.00

2" trimester Control 0.14

1* trimester 0.675

3 trimester 0.00

3 trimester Control 0.00

1* trimester 0.00

2™ trimester 0.00

Vitamin C Control 1 trimester 0.965

2" trimester 0.00

3" trimester 0.00

1* trimester Control 0.965

2" trimester 0.00

3" trimester 0.00

2" trimester Control 0.00

1* trimester 0.00

3" trimester 0.00

3 trimester Control 0.00

1* trimester 0.00

2" trimester 0.00

NADH Control 1 trimester 0.026

2" trimester 0.00

3" trimester 0.00

1* trimester Control 0.026

2" trimester 0.00

3" trimester 0.00

2" trimester Control 0.00

1* trimester 0.00

3" trimester 0.376

3 trimester Control 0.00

1* trimester 0.00

2" trimester 0.376

The Mean difference is significant at the 0.05 level

Next, we wanted to determine from our study that was there
any significant differences between groups of these three
parameters. For this anova study had been done. It was seen
that there was significant difference between the groups
(NADH, PMRS, Vitamin C in different trimester of
pregnancy) as in all cases p value was less than 0.05 . On
Analysis of Multiple Comparision(Table 3) among these
parameters in different pregnancy trimesters, our study found
out following results -1.

1. PMRS activity

a) In respect to control group there was no significant
difference in 1* trimester and 2™ trimester,but there was
significant difference in 3" trimester.

b) In respect to 1% trimester there was no significant
difference in 2™ trimester but there was significant
difference in 3" trimester

¢) In respect to 2™ trimester there was only significant
difference in 3" trimester

d) In respect to 3" trimester there was significant difference
with control group and 1* and 2™ trimester.

2.Vitamin C level:

a) In respect to control group there was no significant
difference in 1% trimester but there was significant
difference in 2™ and 3" trimester

b) In respect to 1* trimester there was significant difference
with 2" and 3™ trimester

¢) In respect to 2™ trimester there was significant
difference with control group and both 1% and 3"
trimester

d) In respect to 3" trimester there was significant difference
with control group and both 1% and 2™ trimester.

3.NADH dependent AFReductase activity:

a) In respect to control group there
difference with 1*,2™ and 3™ trimester

b) In respect to 1* trimester there was significant difference
with control group and both 1% and 2™ trimester

¢) In respect to 2™ trimester there was significant
difference with control group and 1* trimester

d) In respect to 3" trimester there was significant difference
with control group and 1* trimester.

was significant
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Our study results observed from interrelation between
parameters in control group as follows

In 2™ Trimester as follows- (Figure 3,4)

a) NADH had negative significant correlation with PMRS
with a correlation coefficient of 0.780

b) NADH had positive significant correlation with Vitamin
C with a correlation coefficient of 0.586

a) NADH had negative significant correlation with PMRS
with a correlation coefficient 0.391

b) NADH had positive significant correlation with Vitamin
C with a correlation coefficient 0.636

¢) PMRS had negative significant correlation with Vitamin

c¢) PMRS had negative significant correlation with both C and NADH with a correlation coefficient 0.617 and

NADH and Vitamin C with correlation coefficient of 0.391 respectively

0.780 and 0.707 respectively d) Vitamin C had positive significant correlation with
d) Vitamin C had negative significant correlation with NADH with a correlation coefficient 0.636

PMRS with a correlation coefficient of 0.707 e) Vitamin C had negative significant correlation with
e) Vitamin C had positive signficant correlation with PMRS with a correlation coefficient 0.617.

NADH with a correlation coefficient of 0.586

In 1* trimester as follows- (Figure 1,2) 6;

a) NADH had negative significant correlation with PMRS 6.6 1
with a correlation coefficient of 0.472 64 7

b) NADH had positive significant correlation with Vitamin 9 62
C with a correlation coefficient of 0.666 S b= F—F——+

¢) PMRS had significant negative correlation with both * 58 f { ¢ Y-Values
NADH and Vitamin C with a correlation coefficient of 56 i f —— Linear (Y-Values)
0.472 and 0.706 respectively 5.4 - SRFES.

d) Vitamin C had significant positive correlation with 52 . f *
NADH with a correlation coefficient 0.666 5 4

e) Vitamin C had negative correlation with PMRS with a

] = 0 0.5 1 1.5
correlation coefficient 0.706
NADH
? |
6.8 I Figure 3. correlation between NADH and PMRS in 2™ trimester
6.6 —
6.4 00—
6.2 == | I
= 6 9.5 1— 1 i 44—
& 5g ¢ Y-Values : ; /
56 - —— Linear (Y-Values) 9 4—— 1 * & §/
5.4 , : 0 f 3
52 S==== E 85 e /
' 5 | > | ; 't + Y-Values
? 8 - / F 4 * —— Linear (Y-Values)
0 1 2 3 *¢ '
NADH 7.5 1 * '
7 4
Figure 1. Correlation between NADH and PMRS in 1% trimester ] 0.5 1 15
NADH
11.5 + T
11 4 *
10.5 | Figure 4. correlation between NADH and Vit C in 2" trimester
10 1 In 3" trimester as follows- (Figure 5,6)
Q95
E E . . . .
> 9+ ¢ Y-Values a) NADH had significant negative correlation with PMRS
85 . with a correlation coefficient of 0.719
[ — Linear (Y-Values) L L . . . .
8 - b) NADH had significant positive correlation with Vitamin

Te========= b C with a correlation coefficient of 0.735

' i ' ¢) PMRS had negative significant correlation with NADH
and Vitamin C with a correlation coefficient of 0.719
and 0.539 respectively

NADH d) Vitamin C had positive significant correlation with
NADH with a correlation coefficient of 0.735

e) Vitamin C had negative significant correlation with
PMRS with a correlation coefficient of 0.539.

==s==cs===s=mmsn

Figure 2. correlation between NADH and Vit C in 1% trimester
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NADH

Figure 5. correlation between NADH and PMRS in 3™ trimester

6.4

62 -
5.8 -
56 -
5.4
5.2
5 <4

VIT-C

+ Y-Values

—— Linear (Y-Values)

NADH

Figure 6. correlation between NADH and Vit C in 3™ trimester

DISCUSSION

This study has tried to evaluate the role of these three
antioxidants in oxidative stress. First the level of activity of
PMRS is focused, and it was found to be higher than the age
matched healthy control subjects, it also increased as trimester
of pregnancy increased (Table 2). Larm et al. showed that p°
cell cultures-mammalian cells divested of their mitochondrial
DNA by culturing in ethidium bromide, a potent inhibitor of
mitochondrial DNA replication, relied on the plasma
membrane redox system for survival, even when cultured in
medium containing uridine and pyruvate. This observation
prompted these workers to propose that an increase in activity
of the PMRS in cells may occur with aging or in some
degenerative diseases in response to a reduction of
mitochondrial redox control and energy production
(GuntterMarsche, 2009). There was a study stating that
increased RBC PMRS was evident in Type-2 Diabetes
Mellitus patients and 1% degree relatives of these patients
(Rizvi, 2002). Transmembrane electron transfer was
selectively increased in diabetic nephropathy, where RBC
GSH was also depleted. The abnormality was peculiar to the
nephropathy group and not contributed by familial or
hereditary components because the electron flow was normal
in siblings. The close relationship between cytosolic NADH
and RBC electron transfer observed in diabetic patients
without complications seems to be lost in the microangiopathic
patients. Whereas patients with retinopathy alone still had
normal activity of the RBC-reducing system (Larm, 1994).
Pregnancy is a developmental crisis in women’s body. It places

a great demand in her body and require adaptation, changes in
many of the biochemical function in body during pregnancy
leads to high demand for energy and increase oxygen
requirement. This lead to increase in intake and utilization of
oxygen resulting in increase level of oxidative stress and
consequent acceleration in production of reactive oxygen
species (Matteucci, 2000). In a study done by Rizvi et al the
activity of erythrocyte PMRS was estimated by following the
reduction of ferricyanide. The total antioxidant capacity of the
plasma was estimated in terms of Ferric Reducing Ability of
Plasma (FRAP) values. A significant (p<0.0001) positive
correlation (r =0.7797) was observed between PMRS activity
of erythrocytes and human age. There was an age-dependent
decrease in total plasma antioxidant capacity measured in
terms of FRAP values. A highly significant correlation was
observed between PMRS activity and plasma FRAP values.
The authors hypothesize that the increased PMRS in
erythrocytes during aging maybe a protective mechanism of
the system for efficient extracellular DHA reduction and
ascorbate recycling under condition of increased oxidative
stress (Garba, 2004).

In our present study it was seen that PMRS activity increases
with increase in trimester of pregnancy (i.e. with increase with
oxidative stress) though there was only significant difference
in third trimester in respect to control group and other two
trimester (Table 3), but it may be due to smaller number of
subjects taken in every group(30 in number). Secondly in our
study change in vitamin C level had been studied. It was seen
that as the trimester of pregnancy increases vitamin c level
decreases i.e more and more Vitamin C had been used up to
reduce the oxidative stress (Table 2). In respect to non
pregnant women there was no significant change in Vitamin C
level in 1% trimester of pregnancy but there was significant
change in 2™ and 3™ trimester of pregnancy (Table 3). A study
done by I Garba et al (Garba, 2004), Serum concentration of L
ascorbic acid which makes up 80% of Vitamin C activity was
assessed in different trimester of pregnancy with aim of
determining the effect of pregnancy on vitamin C level and its
availability in scavenging reactive oxygen species produced as
a result of pregnancy induced oxidative stress, they had seen
that there was decrease in Vitamin C level in respect to non
pregnant women. In a study done by V.S. Kalaiselvi et al it
was seen that plasma vitamin C level was low in all the three
trimesters in respect to non pregnant women (Kalaiselvi,
2014).

In a study done by Tamari Y et al, the authors demonstrated
that ascorbic acid offset growth defects observed in SOD2-
depleted cells and also lowered mitochondrial superoxide to
physiological levels in both SOD1- or SOD2-depleted cells.
Moreover, depletion of SODI or SOD2 resulted in the
accumulation of intracellular oxidative stress, and this
increased oxidative stress was reduced by ascorbic acid
(Tamari, 2013). In a study done by S.Mohanty et al, it was
seen that there was a significant fall (P<0.05) in the vitamin C
levels in primi with mild preeclampsia than in the normal
primi. The vitamin C levels in severe preeclamptic patients
were lower than the normal primi but the fall was not
statistically significant (P=0.10). Plasma vitamin C also
showed a negative correlation in the control and study group.
This observation suggests that in hypertensive disorders of
pregnancy there is an imbalance between lipid peroxidation
and antioxidant vitamin status because of oxidative stress
(Mahanty, 2006).
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Increasing levels of MDA, a end product of lipid peroxidation
with advancement of gestational age together with decline in
plasma vitamin C level in pregnant women as compared to
nonpregnant control women revealed that pregnancy poses a
body to excessive oxidative stress and ascorbic acid defense
system may be helpful in combating the deleterious effects of
oxidative stress if sufficient vitamin c is present in plasma
(Ghate, 2011). Third parameter that had been taken in our
study was Ascorbate free radical reductase activity. It had been
measured by amount of NADH oxidized, more and more AFR
reductase had been used up more and more NADH oxidized
and value of NADH was decreased. In respect to non pregnant
women as the trimester of pregnancy increased, NADH
decreased in response to increase in oxidativestress (Table 2).
In respect to non pregnant women there is significant
difference in different trimester of pregnancy (Table 3).
Recycling of ascorbic acid from its oxidized forms helps to
maintain adequate tissue levels of the vitamin. This recycling
is largely intracellular and occurs from both the one- and two-
electron-oxidized forms of ascorbate, the ascorbate free radical
(AFR) and dehydroascorbic acid (DHA), respectively. The
AFR reacts predominantly by dismutation of two AFR
molecules, yielding ascorbate and DHA (James, 2004). The
target of AFR reductase is to maintain ascorbic acis in its
reduced form, so more and more Vitmin C is oxidized in
response to increase in oxidative stress more and more AFR
reductase is used up to return oxidized form to reduce form
thus maintaining the intracellular Vitamin C level. Recently it
was reported that in human erythrocytes the activity of PMRS
along with the AFR reductase increases with the increase in
age. This activation of PMRS and AFR reductase increases the
ascorbate recycling in human plasma and reported as a
compensatory/ protective mechanism that operates to maintain
the ascorbate level in plasma and thereby minimize oxidative
stress during aging (Kanti Bhooshan Pandey, 2010).

Conclusion

Therefore this study can conclude that:

1. Increased erythrocyte PMRS activity reflects that there
is increased transplasma membrane electron transfer in
RBC with increase in trimesters of pregnancy. Further
studies are needed to establish the alteration of PMRS
activity as a protective factor against the oxidative
stress in pregnancy. The effect of PMRS activity in
prevention of different complication of pregnancy could
be an area of interest.

2. Increased Ascorbate free radical reductase activity as
determined by the amount of NADH indicates that there
is increased ROS/free radical generation. This is an
indirect evidence of increased ROS/free radical
generation in body during pregnancy.

3. Plasma vitamin-C / Ascorbic acid level, lower than that
of non pregnant women and with increasing trimester of
pregnancy, is supposed to be an indirect reflection of
antioxidant depletion during oxidative stress during
pregnancy.
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