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Evaluation of Nitric Oxide Concentrations in

Preeclampsia and Normal Pregnancy
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Abstract:

During pregnancy Nitric oxide is one of the most important relaxing factors for myometrium
and also in the control of blood flow in uterus and placenta. Nitric oxide is generated by
endothelial type Il nitric oxide synthase (NOS) and acts as a vasodilator.

Objective:To investigate the level of nitric oxide (NO) production in pregnancies complicated
by preeclampsia and in normal pregnancy.

Materials and Methods: A case control study was undertaken in Department of Gynaecology
and Obstetrics of Bangabandhu Sheikh Mujib Medical University (BSMMU), from january
to july 2014. The study population was pregnant women having preeclampsia and normal
pregnancy who attended the OPD Department of Obstetrics and Gynecology in BSMMU
between 29 to 40 weeks of gestation. As because of transient and volatile nature of nitric
oxide, it was unsuitable to measure the nitric oxide level by conventional method. However,
two stable break down product, nitrate (NO5) and nitrate (NO,) could be easily detected
by sprectophototric means. Nitrate (NO,) was first converted to Nitrite (NOy") by reduction
process using cadmium. Then concentration was measured by using Griess reagent in U-
V sprectophototric machine. This procedure was done in the Biochemistry Department,
Dhaka University.

Results: The mean nitrite level was found 18.3713.64 mol/L in case group and 25.5712.11mol/
L in control group, which was significantly (p<0.05) higher in control group. The mean
serum creatinine level was found 1.1940.28 mg/dl in case group and 0.65+0.1 mg/dl in
control group. The mean serum creatinine level was significantly (p<0.05) higher in case
groups. Nitrite level had no correlation with onset of hypertension (r=-0.006; p=0.966),
onset of proteinuria (r=0.071; p=0.623), systolic blood pressure (r=0.012; p=0.933), diastolic
blood pressure (r=-0.159; p=0.269) and urine protein (r=0.047, p=0.748).

Conclusion: As pregnancy progressed there was a decrease in plasma nitric oxide levels
in preeclampsia. Urine uric acid to creatinine ratio increased with the decrease in nitric
oxide levels and can be used as a marker for preeclampsia.
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Introduction:

Pre-eclampsia is a serious complication of pregnancy.
Prevalence of preeclampsia in developing countries
ranges from 1.8% to 16.7%." It is identified by
increased blood pressure and protein in the urine,

but women often suffer no symptoms initially. It can,
through constriction of the blood vessels in the
placenta, interfere with nutrition and oxygen supply
to the baby, thus restricting the foetal growth and
causing the baby to be born too soon’. Nitric oxide
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drugs, like glycerol trinitrate, or their precursors, like
L-arginine, may play a role in helping to prevent
preeclampsia through their action in relaxing blood
vessel walls. [2] Serum nitrite levels were higher in
preeclamptic women (34.11+14 “amol/l, P=0.04),
lower in chronic hypertensive women (19.56+6.46
amol/l, P=0.04) and similar in women with gestational
hypertension (26.97+9.44 zmol/l) in comparison to
the control group (25.37+7.24 Vamol/l).[3] Circulating
levels of nitrite are decreased in patients with
preeclampsia.*

The numerous studies on the multifunctional nature
of the nitric oxide (NO) have suggested the wide
variety of functions mediated by this molecule in vital
processes in cardiovascular, nervous,
gastrointestinal, urogenital system and during
immunological reactions. In Hudicek-Martincic,
Kusan-Jukic and Salihagic-Kadic (2004) review the
results of experiments carried out on animal models,
as well as the results of clinical studies considering
the role of NO and its metabolites during pregnancy
and delivery.[5] During pregnancy NO is one of the
most important relaxing factors of myometrium, and
also no less important in the control of blood flow in
uterus and placenta.

Materials and Methods

A Case control study was undertaken in the
Department of Obstetrics and Gynaecology,
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka from january to july 2016. On one
hundred pregnant women having preeclampsia and
normal pregnancy after 28 weeks of gestation. A
total of 50 pregnancies complicated by preeclampsia
and 50 normal pregnancy who attended outdoor and
in-patient Department of Obstetrics and
Gynaecology, Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka (Six months) were
enrolled in this study. Inclusion Criteria includes-
pregnant women (Both primi and multi) presented
with preeclampsia at third trimester (29 to 40 weeks)
as case and primigravida and multigravida with
normal BP, no proteinuria and without any other
systemic or endocrine disorder as control. Purpose
and procedure of the study were discussed with the
patient who fulfills the inclusion criteria. Written
consent was taken from those who agreed to be
included in the study. All the variables of interest
were collected by detail history, clinical examination
and biochemical investigation was recorded on the
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pre-designed data collection sheet. All information
was kept confidential.

From each patient 4 ml venous blood was drawn.
Then it was kept at 4% C approximately for one hour.
After that, blood was centrifuged at 3000xg for 10
minutes. As because of transient and volatile nature
of NO, it is unsuitable to measure the NO level by
conventional method. However, two stable break down
product, nitrate (NO;") and nitrate (NO,") can be
easily detected by sprectophototric means. Nitrate
(NO,) is first converted to Nitrite (NO") by reduction
process using cadmium. Then concentration is
measured by using Griess reagent in U-V
sprectophototric machine. This procedure was done
in the Biochemistry Department, Dhaka University.

The research protocol is approved by the committee
of the instalation (Local Ethical Committee).Statistical
analyses were carried out by using the Statistical
Package for Social Sciences version 16.0 for Windows
(SPSS Inc., Chicago, Illinois, USA). P values <0.05
were considered as statistically significant.

Results:
Age, socio-economic status, gestational age and parity
were similar in both cases and control table I-IV.

Table-l
Distribution of the study patients according to age
(n=100)
Age Case Control P value
(years) (n=50) (n=50)
n % n %
<20 3 6.0 6 12.0
21-25 24 48.0 35 70.0
26-30 16 32.0 9 18.0
>30 7 14.0 0 0.0
MeantSD 25.76+5.04 24.9+3.09 0.916"s
Range 17-35 18-28
(min-max)
Table-ll

Distribution of the study patients according to
socio economic status (n=100)

Socio economic  Case Control P value
status (n=50) (n=50)

n % n %
Lowerclass 45 90.0 47 94  0.357m
Middle class 5 100 3 6
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Table-lll
Distribution of the study patients according to
gestational age (n=100)

Gestational Case Control P value
age (weeks) (n=50) (n=50)

n % n %
Preterm (<36 weeks) 41 82.0 38 76.0
Term (37-40 weeks) 9 0.0 12 24.0
Postdated (>40 weeks) O 0.0 0 0.0
Mean+SD 32.98+2.61 33.74+3.31  0.205"s
Range (min-max) 28-38 28-39

Table-IV

Distribution of the study patients according to
gravida (n=100)

Gravida Case (n=50) Control (n=50) P value
n % n %
Primi 27 54.0 21 42.0 0.229"s
Multi 23 46.0 29 58.0
Table-V

Distribution of the study patients according to
Nitrite level (n=100)

Case Control P value
(n=50) (n=50)
MeantSD MeantSD
Nitrite level (umol/L) 18.37+3.64 25.57+2.11 0.001S
Range (min-max) 15.4-28.3 22.8-29.5

Table V shows nitrite level of the study patients. It
was observed that the mean nitrite level was found
18.37+_3.64mol/L in case group and 25.57+_2.11mol/
L in control group. Nitrite level was significantly lower
among the pre-eclamtic group.

Table-VI
Distribution of the study patients according to
onset of hypertension, proteinuria (case
group=50)

MeantSD  Min-Max

Onset of Hypertension (weeks) 29.8+1.9  28-33

Onset of proteinuria (weeks)  29.9+2.1  28-33
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Fig.-1: Scatter diagram showing no correlation (r=-

0.006; p=0.966) between onset of hypertension with

nitrite level.

Mean weeks of gestation of onset of hypertension
and proteinuria were similar (table —VI) and severe
proteinuria was found in 52% cases of pre-eclampsia
(table-VII)..

Table VII
Distribution of the study patients according to
urine protein (case group, n=50)

Urine protein Number of Percentage
patients

+ (Less than 0.5 g/day) 3 6.0

++ (0.5-1 g/day) 21 42.0

+++ (1-2 g/day) 26 52.0

y =0.1329x + 14.325
r=0.071; p=0.623
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Fig.-2: Scatter diagram showing no correlation

(r=0.071; p=0.623) between onset of proteinuria with

nitrite level.

Scatter diagrams show that there was no correction
of nitrate level with onset level of hypertension or
proteinuria (Fig 1 & 2)
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Table-VIII

Distribution of the study patients according to serum creatinine (n=100)

Serum creatinine (mg/dl) Case (n=50) Control (n=50) P value
n n %

<0.6-1.2 (mg/dl) normal 37 74.0 50 100.0
>1.2 mg/dl 13 26.0 0 0.0
MeantSD 1.19+0.28 0.65+0.1 0.001s
Range (min-max) 0.69-1.6 0.54-1.2

In case group, 37(74.0%) patients had serum
creatinine level <0.6-1.2 mg/dl level and in control
group all patients had urinary creatinine 0.6-1.2 mg/
dl level. The mean urine creatinine level was found
1.19+_0.28 mg/dl in case group and 0.65+0.1 mg/dl
in control group. The difference was statistically
significant (p<0.05) between two groups.(TableVIIl)

Discussion:

Nitric oxide (NO) is related to gestational vasodilatation
during pregnancy. Deficiency of or impaired
responsiveness to NO has been reported to cause
preeclampsia mentioned by Podjarny, Mandelbaum
and Bernheim.® Preeclampsia is characterized by
increased systemic vascular resistance and
contracted plasma volume. In parallel, the response
to vasopressor agents is exaggerated. It can be
assumed that these abnormalities are related to an
imbalance in the synthesis of vasoactive agents and
that the same is related to endothelial cell damage.”

This case control study was carried out with an aim
to investigate the level of nitric oxide (NO) production
in pregnancies complicated by preeclampsia and in
normal pregnancy.

This study include 50 pregnant women with
preeclampsia and 50 normal pregnancy who were
attending inpatient and out patients Department of
Obstetrics and Gynaecology in Bangabandhu Sheikh
Mujib Medical University (BSMMU), Dhaka, during
August 2013 to January 2014 were included in this
study. Pregnant women both primigravida and
multigravida presented with preeclampsia at third
trimester (29 to 40 weeks) were considered as case.
Primigravida and multigravida with normal BP, no
proteinuria and without any other systemic or
endocrine disorder were considered as control.
Patient with known chronic renal disease, hepatic
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dysfunction, history of preexisting hyperlipidaemia,
history of taking lipid-altering drug and subjects
suffering from any other systemic or endocrine
disorder were excluded from the study. The present
study findings were discussed and compared with
previously published relevant studies.8

In this present study it was observed that almost
half (48.0%) of the patient’s age belonged to 21-25
years in case group and 56.0% in control group.
The mean age was found 25.76+5.04 years varied
from 17 — 35 years in case group and 24.9+3.09
years varied from 18 — 28 years in control group.
The mean age difference was not significant
(p>0.05) between two groups.’Sahu et al. (2011)
showed the mean age was 26.0+4.7 years and
25.0+£3.6 years in case and control group
respectively, which is closely resembled with the
current study. Hendler et al. (2005) observed the
mean (xSD)age was 21.3+5.9 years and 19.1+4.0
years in case and control respectively which is a
little lower than the current study.® On the other hand,
Anim-Nyame et al. (2000) have showed the
mean(xSD)age was 29.31£3.2 years and 31.7+3.5
years in case and control respectively.'0

In this current study it was observed that majority
patients came from lower socio-economic family in
both groups, which was 90.0% in case group and
94.0% in control group. The difference was not
statistically significant (p>0.05) between two groups.
In this present study it was observed that 82.0%
patients had preterm gestational age in case group
and 76.0% in control group. The mean gestational
age was found 32.98+2.61 weeks varied from 28 —
38 weeks in case group and 33.74+3.31 weeks varied
from 28 — 39 weeks in control group. The difference
was not statistically significant (p>0.05) between two
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groups. Almost similar gestational age range was
observed by Anim-Nyame et al. (2000),'° where they
had 26 to 38 weeks of gestation in both groups.
Hendler et al. (2005) observed higher mean
gestational age in their study.®

The incidence of preeclampsia in the United States
is estimated to range from 2% to 6% in healthy,
nulliparous women.™" In this current study it was
observed that in case more than half (54.0%) patients
were primi gravida and in control group majority
29(58.0%) patients had multi gravida. The difference
was not statistically significant (p>0.05) between two
groups.'2

As seen in different studies, plasma nitric oxide levels
in preeclampsia fall to one third the levels to that
obtained in normal pregnancy and there was also a
decrease in plasma nitric oxide levels in both cases
and controls as pregnancy progressed. Probably
suggesting that this change in nitric oxide levels could
be important in the beginning of delivery and cervical
maturation. Pregnancy is characterized by low
plasma levels of Larginine because of increased
transfer of amino acids to fetus mentioned by
Domenench et al. (1986).13 Relative deficiency of
the precursor in the presence of systolic endothelial
damage may cause insufficient synthesis of the
product that is nitric oxide as observed by Podjarny
et al. (1994).% To support this hypothesis, it has also
been reported that administration of L- arginine
ameliorated a syndrome of intravascular coagulation
resembling preeclampsia and administration of nitric
oxide donors and nitric oxides inhibitors provides
effective and safe management of complications of
preeclampsia.[14] In this series it was observed that
the mean nitrite level was found 18.37+£3.64 umol/L
in case group and 25.57+2.11 ymol/L in control group.
The mean nitrite level was significantly (p<0.05) higher
in control group. Choi et al. (2002) showed the mean
nitric oxide concentration in preeclamptic women was
43.1 £12.7 /aM, which was significantly higher than
in nonpregnant women (23.8+7.1 V4M, p <0.05).[8]
The role of nitric oxide in preeclampsia is still
uncertain. Lyall et al (1995) found that there was no
significant difference in maternal serum nitrite
concentrations between a control group and a
preeclamptic group.'® Cameron et al. (1993)
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demonstrated that the plasma or urinary nitrate (or
nitrite) level was increased during preeclampsia
compared to normal gestation.'® Contrary to these
results, in Choi et al. (2002) study, nitric oxide
concentrations in preeclamptic women were
significantly lower than those in the gestational age-
matched normal pregnant women, who showed no
differences from preeclamptic women in serum ferritin
levels.8

Since preeclampsia is associated with reduced
synthesis of vasodilators and increased synthesis of
vasoconstrictors, researchers have sought to
investigate possible therapeutic benefit for use of nitric
oxide donors in treatment and prevention of
preeclampsia. Animal data have shown that chronic
nitric oxide blockade is associated with hypertension,
proteinuria, and reductions in kidney function.
Consistent with these observations, use of nitric oxide
donors has shown benefit in a few human studies
done by Chhabra et al. (2012).'7 In one case a
successful pregnancy followed use of nitric oxide
donors in a patient with scleroderma who had had
preeclampsia in a preceding pregnancy. However,
until this is validated in large scale, prospective
randomized studies use of these nitric oxide donors
cannot be recommended in all patients. They should
be considered in selected patients as mentioned by
Larsen et al. (2012).18

In this present study it was observed that the mean
onset of hypertension was found 29.8+1.9 weeks and
mean onset of proteinuria was 29.912.1 weeks. In
this current study it was observed that more than half
(52.0%) patients had 3+ urine protein followed by 2+
in 42.0% and 1+ only in 6.0%. In this present study
it was observed that in case group, 74.0% patients
had serum creatinine level <0.6-1.2 mg/dl level and
in control group all patients had 0.6-1.2 mg/dl level.
The mean serum creatinine level was found 1.19+0.28
mg/dl in case group and 0.65+0.1 mg/dl in control
group. The mean serum creatinine level was
significantly (p<0.05) higher in case groups. In this
current study, it was observed that there were no
correlation between onset of hypertension (r=-0.006;
p=0.966) and onset of proteinuria (r=0.071; p=0.623)
with nitrite level. There were also no correlation
between systolic blood pressure (r=0.012; p=0.933),
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diastolic blood pressure (r=-0.159; p=0.269) and
urine protein (r=0.047, p=0.748) with nitrite level.

Conclusion:

This study was undertaken to investigate the level of
nitric oxide (NO) production in pregnancies
complicated by preeclampsia and in normal
pregnancy and it was observed that deficiency of
nitric oxide and increase in serum uric acid levels
are related to preeclampsia. No association was found
with onset of hypertension, onset of proteinuria,
systolic blood pressure, diastolic blood pressure and
urine protein. The decrease in nitric oxide levels with
nitrite as proxy indicator can be used as a marker
for preeclampsia.
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