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Introduction: Preeclampsia is one of the major causes of
maternal and perinatal mortality, especially in developing
countries. Its etiology is still a matter of conundrum, but no
specific cause has been identified. Evidence suggests that
preeclampsia may be caused by endothelial dysfunction.
Nitric oxide (NO), which is synthesized from L-arginine
in endothelial cells by the endothelial nitric oxide synthase
(eNOS), helps in vasodilation and helps in the adhesion of
white blood cells and platelet aggregation. Alterations in the
L-arginine-NO pathway are believed to be associated with the
development of Preeclampsia. The main objective of the study
is to evaluate the levels of nitric oxide and study the role of
L-Arginine in decreasing the incidence of preeclampsia.
Material and methods: This study was three year
interventional cohort study conducted at Osmania Medical
College, Dr. VRK Womens College and hospital, Shadan
medical college, Hyderabad. The ages of the cases varied
between 18-35 years. The cases were grouped into 3
categories. All women in the Group 3 were given L-Arginine
sachets of 3 gm twice a day until delivery and the level nitric
oxide was analyzed clinically and statistically in all women at
the 1* trimester of pregnancy (11-14 weeks) and between 17-
22 weeks of pregnancy.

Result: There is a 37.7% chance of women developing
preeclampsia if supplemented with L- Arginine and this data
when compared to those who did not received L-Arginine had
an 89.6% risk for developing Preeclampsia which is higher
than the former data. Hence it can be stated that the incidence
of Preeclampsia can be lowered by 51.9% by supplementing
L-Arginine to those who are prone to develop Preeclampsia
even before the disease could manifest.

Conclusion: This study shows that there was an increase
in the blood levels of Nitric Oxide after L-Arginine was
administered and the incidence of Preeclampsia was found to
be lowered significantly in women who are prone to develop
Preeclampsia.
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INTRODUCTION

Preeclampsia is defined as a hypertensive syndrome that
occurs in pregnant women after 20 weeks' of gestation
which complicates approximately 6-10% of all pregnancies
and is the leading cause of fetal growth restriction, premature
births, mortality and maternal complications.' Pre eclampsia
is characterized by persistent increase in blood pressure (BP
of 2140 mmHg systolic and/or >90 mmHg diastolic, based
on at least 2 measurements taken in 4 hours interval) with
either proteinuria or systemic involvement.

One consistent factor emerges that there is a compromised
function of the maternal endothelium which contributes to the
hemodynamic features of Preeclampsia.> The physiological
basis for these changes is the development of intervillous
spaces and trophoblast invasion of the myometrial portion of
the spiral arteries so that the diameter of the vessels widens
and more blood flow is shunted to the uteroplacental bed.
Preeclampsia develops when there is poor invasion of the
arteries and this is reflected by an early diastolic notch in
the Dopplers of the uterine artery as early as 1 trimester of
pregnancy.*

Recent studies indicate that Nitric Oxide which is a potent
vasodilator plays an important role in relaxing smooth
muscles and helps in the vasodilation of maternal blood
flow. It also plays a significant role in fetoplacental blood
flow and quiescence of the uterus before parturition. In some
pregnant women, the concentrations of these nitric oxide
levels can be low due to less bioavailability which may
leads to the cause of preeclampsia. L-arginine is an amino
acid present in the proteins of all life forms. It is classified
as a semi-essential or conditionally essential amino acid.
L-arginine, even when it is not an essential amino acid as
defined above, is a vital one. In addition to participating in
protein synthesis, it plays a number of other roles in the body.
These include the detoxification of ammonia formed during
the nitrogen catabolism of amino acids via the formation
of urea. L-arginine acts as a precursor in the formation of
nitric oxide. It is therefore logical that supplementation of
L-Arginine would act as a Nitric Oxide donor in order to
lower this incidence.’

Numerous in vitro experiments have shown that L-arginine
has effects on endothelial cells that could be expected to
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inhibit cardiovascular disease. Inferences have been drawn
from these studies suggesting that L-arginine, through its
nitric oxide activity, especially in the endothelial cells of
the blood vessels, inhibits vasoconstriction, thrombolytic
activity, cell proliferation, inflammation and other activities
that promote cardiovascular disease.®

The women who are prone to develop Preeclampsia are
recognized by abnormal wave patterns in Doppler ultrasound
between 17-20 weeks of pregnancy and even as early as the
1** Trimester (between 11-14 weeks) of pregnancy.” This is
based on the principle that there is reduced uteroplacental
perfusion as a result of abnormal trophoblast invasion of the
spiral arterioles.® A Doppler study done in the 1% Trimester
and between 17-20 weeks of gestation and blood estimates
of these enzymes would help recruit women who are prone
to develop preeclampsia in this study.” The use of Doppler
studies is time tested and this modality is routinely used
nowadays to predict woman who are likely to develop
preeclampsia during their pregnancy.’® From the present
study, it is observed that doppler diagnosis is not the only
method of screening for preeclampsia but there are several
other screening tests like serum nitrate levels that could
predict preeclampsia in woman.

It would also emerge from this study that how far the
supplementation of L-Arginine, a nitric oxide donor would
help in reducing the incidence of preeclampsia. This study
would also open doors for better management of this elusive
disorder of pregnancy by a way of supplementation of not
only nitric oxide donors, calcium, low dose aspirin but also
antioxidants for which larger and more extensive studies
could be undertaken. In the present study we checked nitric
oxide levels in pregnant women and investigated the role of
L-Arginine in lowering the incidence of preeclampsia.

MATERIAL AND METHODS

This study was a three year interventional cohort study
conducted at Osmania Medical College, Dr. VRK Womens
College and hospital, Shadan medical college, Hyderabad.
The ages of the cases varied between 18-35 years and
older women were excluded from the study as age related
factors can contribute to the development of hypertension in
pregnancy. Only primigravidae were recruited for this study.
All the patients those were diagnosed with the abnormal
doppler were considered for further estimation of nitric oxide
levels in the blood serum of first trimester pregnant women.
All cases were grouped into 3 categories, Group 1 (Normal
Doppler), Group 2 (Abnormal Doppler with no L-Arginine
supplementation), Group 3a (Abnormal Doppler with
supplementation of L- Arginine at around the 17" week of

pregnancy), Group 3b (Repeat blood biochemistry of Group
3a women who received L-Arginine). All women in the
Group 3 were given L-Arginine sachets of 3 gms twice a day
until delivery, in addition to their regular supplementation
of Iron, Calcium, Folic acid and multivitamins (Women in
Groups 1, 2, and 3 received regular supplementation of Iron
Calcium and Folic acid). All the blood levels were repeated
in Group 3 after the 32" week of gestation to form a Group 3b
in order to see whether there was any statistically significant
improvement in the above blood levels more especially
serum nitric oxide levels to know whether the nitric oxide
levels were increased or not after the use of L-Arginine was
administered. These levels were analyzed in all women at the
I3 Trimester of pregnancy (11-14 weeks) and between 17-22
weeks. In all the cases placenta was sent for histopathology.

Ethical Approval: The protocol was first sent to the Ethical
Committee of Osmania Medical College and approval was
obtained as the study involved administering a drug. A
written informed consent was taken from pregnant women
in their own language prior to enrollment of the cases into
the study.

Nitric Oxide Estimation

Doppler Ultrasound of the Uterine Arteries was analyzed
in all women. To the collected serum Griess reagent (1%
sulfanilamide and 0.1% n-(1-naphthyl) ethylenediamine
dihydrochloride in 5% H,PO,; Sigma, St. Louis, MO) was
added and incubated for 10 mins at room temperature. Read
absorbance with a spectrophotometer at 570 nm.

STATISTICAL ANALYSIS

Descriptive statistics were calculated for all variables. Mean
values were compared across groups by ANOVA with post
hoc test LSD/t test. Pre and post values were compared by
paired ’t’ test. To study the associations with categorical
variables, chi square test is used. Level of significance is
considered as 0.05. SPSS version 19.0 is used.

RESULTS

The main agenda of estimating serum nitric oxide levels in
the present study revealed that very low levels of ‘NO’ i.e.
0.76 umol/L and 0.52 umol/L in women who were prone
to develop Preeclampsia (Group 2 and 3a). Whereas the
‘NO’ levels in normal group (Groupl) was shown with 2.00
umol/L. The patients of Group 3b; who were supplemented
with L-Arginine showed a mean of 2.15 umol/L which is
statistically significant with the p-value of < 0.001.1. In
Group 1 (Normal Dopplers) when the NO levels were <2
umol/L (17 cases) 41.2% developed Hypertension (Table 1a
and b) and when the levels were >2 umol/L (30 cases) no

Group No No. of women Mean Value Std. deviation Std. error p-value
(umol/L)
1 47 2.0045 1.18303 0.17256 <0.001
2 50 0.7690 0.65478 0.09260 <0.001
3A 83 0.5298 0.36077 0.03960 <0.001
3B 60 2.1502 0.7426 0.09557 <0.001
Table-1a: Comparison between normal and preeclamptic women with normal doppler.
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Table-2: Before supplementation of L- Arginine in Group 1.

nog * nofg Crosstabulation

Nofg Total
<2 >=)
Nog <2 Count 21 38 59
% within nog | 35.6% 64.4% | 100.0%
>=2 | Count 0 1 1
% within nog .0% 100.0% | 100.0%
Total Count 21 39 60

Table-3: After supplementation of L-Arginine in Group 1

Crosstab®
Hypertension Total
Normal | HTN
Nog <2 Count 5 43 48
% withinnog | 10.4% | 89.6% | 100.0%
>=2 | Count 1 1 2
% withinnog | 50.0% | 50.0% | 100.0%
Total Count 6 44 50
% withinnog | 12.0% | 88.0% | 100.0%

Table-4a: Group 2- Comparison between normal and pre-
eclamptic women without L- Arginine supplementation.

patient developed Hypertension. Before supplementation,
63.8% cases showed normal values of >2 umol/l in Group
1 (Table 2) whereas only 4% and 1.2% cases showed values
> 2 umol/l in Groups 2 and 3 respectively. After drug
administration 64.4% cases showed with elevated levels of
‘NO’ (>2 umol/l (Table 3) which implies that L-Arginine
does play an important role in increasing the levels of Nitric
oxide in the blood.

Preeclampsia as compared to those who have not received

Crosstab® Crosstab®
Hypertension Total Hypertension Total
Normal HTN Normal | HTN
Nog | <2 Count 10 7 17 nog <2 Count 43 26 69
% within nog 58.8% 41.2% | 100.0% % withinnog | 62.3% | 37.7% | 100.0%
>=2 | Count 30 0 30 >= Count 1 0 1
% within nog | 100.0% 0.0% 100.0% % within nog | 100.0% .0% 100.0%
Total Count 40 7 47 Total Count 44 26 70
% within nog 85.1% 14.9% | 100.0% % withinnog | 62.9% | 37.1% | 100.0%
a. group =1 Table-4b: Results of Group 3 with supplementation.
Table-1b: Group 1 normal dopplers patients with the hyper-
tension. Crosstab
Hypertension Total
Crosstabulation Normal | HTN
nog Total Nog <2 Count 58 76 134
<2 >=) % withinnog | 43.3% | 56.7% | 100.0%
arp 1 Count 17 30 47 >=2 | Count 32 1 33
% within grp | 36.2% | 63.8% | 100.0% % withinnog | 97.0% | 3.0% | 100.0%
2 Count 48 2 50 Total Count 90 77 167
% within grp | 96.0% | 4.0% | 100.0% % withinnog | 53.9% | 46.1% | 100.0%
3 Count 82 1 ]3 Table-5: Comparison between normal and preeclamptic
% within grp | 98.8% | 1.2% | 100.0% women before and after supplementation of L-Arginine.
Total Count 147 33 180
% within grp | 81.7% | 18.3% | 100.0% L-Arginine (Group 2) has 89.6% risk for developing

Preeclampsia (Table 4a). It can therefore say that the
incidence of Preeclampsia can be lowered by 51.9% by giving
L-Arginine to those who are prone to develop Preeclampsia
even before the disease is manifested. L-Arginine which is
a Nitric Oxide donor if supplemented in those who are in
Group 3 have a 37.7% (Table 4b) chance for developing
preeclampsia was reduced to zero percentage.

In case of less ‘NO’ levels i.e. <2 umol/L, 56.7% developed
Hypertension (Table 5) and when the ‘NO’ levels were > 2
umol/L only 3% of the patients developed Hypertension. In
Group 3, out of 70 cases only 1 had a ‘NO’ value of > 2
umol/L who did not develop Hypertension and the remaining
69 cases had ‘NO’ value of < 2 umol/L, 37.7% cases had
hypertension. It can therefore be stated categorically that
the levels of ‘NO’ in the blood has a statistical significant
correlation between the development of hypertension and
with ‘NO’ values are less than 2 umol/L. The predictive
indices for ‘NO’ for the development of hypertension have a
sensitivity of 95.8% and a specificity of 85.1%. The positive
predictive value was 89.6% (if the value is abnormal i.e <
2umol/L) and the negative predictive value was 96.1% (if
the value is normal i.e > 2umol/L).

The histopathological results revealed that the placenta
was normal except in 20 cases which showed infarcts
and calcification and in these 20 cases 18 preeclampsia
women who did not receive L-Arginine and 2 cases with
preeclampsia who received L-Arginine.

DISCUSSION

The role of nitric oxide in the pathogenesis of Preeclampsia
was studied by Seligman SP et a/'' concluded that the
circulating levels of nitrite are decreased in women with
preeclampsia. The present study also concurs with the work
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done. The possible explanation is a compromised function of
maternal endothelium that contributes to the hemodynamic
features of preeclampsia, i.e. vasoconstriction with increased
peripheral resistance and hypertension [12]. Isolated small
arteries from women with preeclampsia demonstrate impaired
endothelium dependent vasodilatation. Nitric oxide a potent
endothelial-derived vasodilator synthesized by constitutive
nitric oxide synthase (NOS-3) from L-arginine, was shown
to modulate peripheral vascular tone.!* The findings in the by
Facchinetti F, e al.'* study partially supports the hypothesis
that preeclampsia is characterized by a dysfunction of the
L-Arginine — Nitric Oxide pathway, which provides a base
of the present study. Our study could be compared with a
study conducted by Rytlewski K, et al.'® who concluded
that L-Arginine supplementation decreased blood pressure
in women with preeclampsia through increased endothelial
synthesis and/or bioavailability of nitric oxide. In this
present study there is a correlation between the development
of Preeclampsia and the levels of plasma nitric oxide levels
which shows its significance in lowering preeclampsia. Also,
a step further analysis of 50 women who were apparently
normal pregnancy with normal Dopplers and having
majority of them had normal Nitric oxide levels, followed
their pregnancy outcome, development of preeclampsia and
they were not supplemented with L-Arginine. The results
of the present study is substantiated by a study conducted
by Hudicek- Martincic G et al.'® on Nitric Oxide during
pregnancy and delivery suggested that higher levels of Nitric
oxide are utilized in pathological conditions of pregnancy
like IUGR preeclampsia and preterm labour. Another case
from Khetsuriani T et al.'” showed that during pregnancy the
free Nitric oxide content was decreased by 10% and this was
in unison with the present study too. The study conducted
by Buhimschi 1A et al,'® where the nitric oxide pathway in
preeclampsia was studied on rats who were infused NG-
nitro-L-Arginine (L-NAME) a nitric oxide synthase inhibitor
which is used as an animal model for preeclampsia and the
conclusion drawn from their work is that preeclampsia is a
state of nitric oxide deficiency which is concurrent with our
present study. Contrary results were seen in a study done
by Hladunewich MA et al' where the Effect of L-Arginine
therapy on Preeclampsia was observed. Despite a significant
increase in postpartum serum Arginine levels, there were no
significant blood pressures differences in both groups. A study
based on the assumption that agents which increase nitric
oxide may prevent Preeclampsia was conducted by Meher
S et al.* They concluded that there was insufficient data for
reliable conclusions. Another paper published by Lowe DT
et al.”® reviewed the evidence that the primary dysfunction
in preeclampsia is a relative dysfunction of available nitric
oxide which correlates with our present study. This study
also points to further scope of research in this field wherein
pregnant women who are prone to develop Preeclampsia
could be further evaluated with other nitric oxide donors
like Isosorbide Dinitrate sublingually or Glyceryl trinitrate
dermal patch. It also emerges that nitric oxide as said by
several authors is indeed the molecule of the decade.

CONCLUSION

It is concluded that there was statistical significance between
L-Arginine supplementation and Nitric Oxide levels in
women with preeclampsia. The study also shows that there
was an increase in the blood levels of nitric oxide after
L-Arginine supplementation and these women had lesser
chances of developing preeclampsia compared to those who
did not receive the L-Arginine supplementation. This study
suggests the specificity of nitric oxide as a marker for the
development of preeclampsia.

REFERENCES

1. Adverse Perinatal Outcomes and Risk Factors for
Preeclampsia in Women With Chronic Hypertension
A Prospective Study. Lucy C. Chappell, Stephen Enye,
Paul Seed, Annette L. Briley, Lucilla Poston, Andrew
H. Shennan.

2. The etiology of Preeclampsia has been a subject of
conundrum for researchers across the globe. Kattah
AG, Garovic VD. The Management of Hypertension
in Pregnancy. Advances in chronic kidney disease.
2013;20:229-239.

3. Powe CE, Levine RJ, Karumanchi SA. Preeclampsia,
a disease of the maternal endothelium: the role of
anti-angiogenic factors and implications for later
cardiovascular disease. Circulation. 2011;123:10.

4. Whitley GSJ, Cartwright JE. Trophoblast-mediated
spiral artery remodelling: a role for apoptosis. Journal
of Anatomy. 2009;215:21-26.

5. Boeldt D, Bird I. Vascular Adaptation in Pregnancy and
Endothelial Dysfunction in Preeclampsia. The Journal
of endocrinology. 2017;232:R27-R44.

6. Tentolouris C, Tousoulis D, Davies GJ, et al. Serum
cholesterol level, cigarette smoking, and vasomotor
responses to L-arginine in narrowed epicardial coronary
arteries. Amer J Cardiol. 2000; 85: 500-503.

7. Giordano R, Cacciatore A, Romano M, La Rosa B,
Fonti I, Vigna R. Uterine artery Doppler flow studies
in obstetric practice. Journal of Prenatal Medicine.
2010;4:59-62.

8. McCarthy AL, Woolfson RG, Raju SK, Poston L,
Abnormal endothelial cell function of resistance arteries
from women with preeclampsia. Am F Obstet Gynecol
1993; 168:1323-30.

9. Goetzinger KR, Zhong Y, Cahill AG, Odibo L,
Macones GA, Odibo AO. The Efficiency of First-
Trimester Uterine Artery Doppler, ADAM12, PAPP-A
and Maternal Characteristics in the Prediction of Pre-
Eclampsia. Journal of ultrasound in medicine : official
journal of the American Institute of Ultrasound in
Medicine. 2013;32:1593-1600.

10. Barati M, Shahbazian N, Ahmadi L, Masihi S. Diagnostic
evaluation of uterine artery Doppler sonography for the
prediction of adverse pregnancy outcomes. Journal of
Research in Medical Sciences : The Official Journal of
Isfahan University of Medical Sciences. 2014;19:515-
519.

I1. Seligman SP, Buyon JP, Clancy RM, Young BK,
Abramson SB. The role of nitric oxide in the
pathogenesis of preeclampsia. Am J Obstet Gynecol.

International Journal of Contemporary Medical Research I

Volume 5 | Issue 10 | October 2018 | ICV: 77.83 |

ISSN (Online): 2393-915X; (Print): 2454-7379




Rachel, et al. Impact of L-Arginine on Nitric Oxide Regulation in Pregnant Women

1994; 171: 944-8.

12. Wang Y, Gu Y, Zhang Y, Lewis DF. Evidence of
endothelial dysfunction in preeclampsia: decreased
endothelial nitric oxide synthase expression is associated
with increased cell permeability in endothelial cells from
preeclampsia. Am J Obstet Gynecol 2004; 190:817-24.

13. Lowe DT. Nitric oxide dysfunction in the
pathophysiology of preeclampsia, Nitric Oxide 2000;
4:441-458.

14. Facchinetti F, Longo M, Piccinini F, Neri I, Volpe
A. L-arginine infusion reduces blood pressure in
preeclamptic women through nitric oxide release. J Soc
Gynecol Invest 1999; 6: 202-207.

15. Rytlewski K, Olszanecki R, Korbut R, Zdebski Z:
Effects of prolonged oral supplementation with
L-Arginine on blood pressure and nitric oxide synthesis
in preeclampsia. Eur. J Clinical Investigation 2005; 35,
32-37.

16. Hudicek- Martincic G, Kusan-Jukic M, Salihagic-
Kadic A. Nitric oxide —an important signaling molecule
in normal and pathological pregnancy. Lijec Vjesn
March Apr. 2004; 126: 80-5.

17. Khetsuriani T, Chabashvili N, Sanikidze T. Pathogenesis
preeclampsia. Georgian Med News; Dec 2006;141: 17-
21.

18. Buhimschi IA, Saade GR, Chwalisz K,Garfield
RE. The nitric oxide pathway in preeclampsia:
pathophysiological implications. PMID: 176 Hum
Reprod Update. 1998; 4: 25-42.

19. Hladunewich MA, Derby GC, Lafayette RA, Blouch
KL, Druzin ML, Myres BD. Effect of L-Arginine therapy
on the glomerular injury of preeclampsia: a randomized
controlled trial. Obstet Gynecol. 2006;107:886-95.

20. Meher S, Duley L. Nitric oxide for preventing
preeclampsia and its complications. Cochrane Database
Syst Rev. 2007;2:CD006490.

21. Lopez-Jaramillo P1, Arenas WD, Garcia RG, Rincon
MY, Lopez M. The role of the L-arginine-nitric oxide
pathway in preeclampsia. Ther Adv Cardiovasc Dis.
2008;2:261-75.

Source of Support: Nil; Conflict of Interest: None

Submitted: 20-09-2018; Accepted: 24-10-2018; Published: 05-11-2018

I International Journal of Contemporary Medical Research J11

ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV:77.83 | Volume 5 | Issue 10 | October 2018




