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Abstract The current management of intrauterine
growth restriction (IUGR) being empirical and aimed at
selecting a safe time for delivery. Acknowledging the
beneficial effects of L-arginine on endothelial vascula-
ture the present study was designed to evaluate efficacy
of L-arginine on bioavailability of nitric oxide (NO)
with respect to fetal outcome. With L-arginine supple-
mentation, mean NO levels were significantly increased
and a significant mild reduction in systolic/end-diastolic
velocity ratio (S/D ratio) was observed on doppler blood
flow study, also neonatal outcome improved and inci-
dences of complications were lowered. A deficiency in
NO may play an important role in the causation of
asymmetric fetal growth restriction. L-Arginine can be
used to increase maternal NO levels, enhancing birth
weight and decreasing neonatal morbidity. The ideal
candidate for arginine therapy according to our study
would be IUGR cases with S/D ratio less than
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496 £ 0.49 and NO levels below 33 umol/L with

minimum  of 3 weeks duration of arginine
supplementation.
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Introduction

Intrauterine growth restriction (IUGR) is one of the major
complications of pregnancy affecting 3—10 % of all ges-
tations [1], It is associated with significant increase in
morbidity and mortality in perinatal period and infancy.
Out of 22 million small for gestational age infants in the
world 21 million belongs to developing countries and
India’s share is substantial, around 7-10 million consti-
tuting 30 % of live births [2]. There is progressive recog-
nition that adverse consequences of growth deprivation in
utero extend beyond early years into later life [3, 4].

Fetal growth restriction can be divided into two types,
symmetrical when the fetus is small but well proportioned
and asymmetrical, when the fetus’s abdominal growth is
restricted. Most of these are linked to placental insuffi-
ciency [5]. The human fetoplacental circulation exhibits a
low vascular resistance and lacks autonomic innervations.
Thus circulating and locally released vasoactive molecules
are likely to be involved in control of fetoplacental
hemodynamics [6]. The release of local vasoactive mole-
cules such as nitric oxide (NO), from endothelium main-
tains appropriate placental blood flow, fetal nutrition and
oxygenation.

Nitric oxide (NO) is constitutively produced in human
vein umbilical cells and platelets from conversion of L-
arginine to L-citrulline by endothelial NO synthase [7]. It
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causes cyclic guanosine monophosphate (cGMP) mediated
vascular relaxation and inhibits platelet adhesion [8].

To date, many therapeutic approaches have been used to
improve fetal condition. None of the approaches have been
of value in a consistent manner. The current management
being empirical and primarily aimed at selecting a safe
time for delivery [4, 9].

L-Arginine, a nutritionally essential amino acid for the
fetus [10], is a precursor for synthesis of NO [11]. Con-
sequently, it may play a critical role in fetal nutrition and
oxygenation resulting in improvement of [UGR pregnancy,
enhancing birth weight and decreasing neonatal morbidity
and mortality [12].

Acknowledging the beneficial effects of L-arginine on
endothelial vasculature the present study was designed to
evaluate the role of L-arginine in women with IUGR and its
correlation with neonatal outcome.

Materials and Methods
Study Design

This hospital based randomised prospective study included
120 antenatal women in the age group of 20-30 years, selected
from antenatal clinics and wards of a tertiary care hospital in
New Delhi, India. The women were divided into two groups.
Group I consisted of 60 pregnant women with fetal growth
appropriate for gestational age (AGA). Group II consisted of 60
pregnant women with clinically and sonographically diag-
nosed asymmetrical [UGR. IUGR was defined as an estimated
fetal weight below 10th percentile for gestational age.

Group II was divided into 2 subgroups. Group II A:
women receiving L-arginine therapy (study group), Group
I B: women not receiving L-arginine therapy (control
group). Group IIA were supplemented with oral L-arginine
3 g once daily for 21 days and IIB with placebo. Group
assignments were blinded to the patients, doctors and
nursing personnel. Group II A and II B were matched for
age, parity and period of gestation.

Women with symmetrical ITUGR, period of gestation
less than 28 wks, toxoplasmosis, rubella, cytomegalovirus,
herpes, syphilis and others (TORCH infections), major
medical illness like diabetes mellitus, chronic renal failure,
heart disease, severe anemia were excluded. Pregnant
women with pre-eclampsia, transverse lie, fetal malfor-
mation, smoking and history of allergy to food products
were also excluded.

Women in both the groups were primigravidae and the
gestational age during sampling was between 30 and
40 weeks. All patients were monitored according to stan-
dard procedure. Fetal wellbeing was assessed (clinically
and sonographically) before and after the therapy in both

study and control group. The decision about the time and
mode of delivery in each case depended on the conditions
of the mother and fetus.

The protocol for the use of L-arginine was approved by
Institutional Ethical Committee. A detailed informed con-
sent was taken from all the participants in simple language
at the time of enrolment. As far as fetal well-being was
observed spontaneous delivery was recommended. In case
of fetal distress a caesarean section was performed. After
delivery, neonatal outcome was recorded in terms of mode
of delivery, birth weight, neonatal complications, appear-
ance, pulse, grimace, activity and respiration (apgar score),
resuscitative measures and neonatal intensive care uni-
t(NICU) admission in both groups of IUGR.

Colour Doppler Blood Flow Studies

Colour Doppler is an extension of pulsed doppler, in that a
colour sign is assigned to the direction of flow. By convention
red flows towards the probe and blue flows away from it. The
doppler machine used for this study was ATL-HDI5000,
SIEMENS. After confirming the asymmetric IUGR sono-
graphically, umbilical artery doppler blood flow peak systolic/
end-diastolic velocity ratio (S/D ratio) was done to document
abnormality in uteroplacental flow. This vessel normally has
forward flow throughout the cardiac cycle and the amount of
flow during diastole increases as gestation advances. S/D ratio
normally decreases as pregnancy progresses. A high S/D ratio
denotes resistance to blood flow to fetus (Fig. 1). In extreme
cases of growth restriction end diastolic flow was absent or
reversed (Fig. 2). The umbilical artery peak S/D ratio was
considered abnormal if it was above the 95th percentile for the
gestational age.

Sample Collection

Three milliliters of venous blood was collected in plain
vials and serum was extracted by centrifugation for esti-
mation of nitric oxide before and after 3 weeks of L-argi-
nine supplementation. Samples were stored at —20 °C until
batch was analyzed.

Estimation of Nitric Oxide

Nitric oxide is difficult to measure. In an oxygenated
solution, it decomposes to form nitrite and nitrate. Nitrite, a
stable end product was estimated as an index of NO using
Greiss reaction by method of Mathew et al. [13].

Griess reaction involves the formation of a chromophore
during the reaction of nitrite with sulfanilamide and hetero-
cyclic amine of N-(1-napthyl) ethlenediamine (Griess reagent)
under conditions of low pH to form a magenta coloured
compound, which is measured sphectrophotometrically. This
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Fig. 1 Umbilical artery flow
velocimetry showing normal
and absent diastolic flow
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Fig. 2 Umbilical artery flow
velocimetry showing normal
and reverse end diastolic flow
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procedure was supplemented with deproteinization and
reduction of nitrates to nitrites in the presence of nicotinamide
adenine dinucleotide phosphate (NADPH) sensitive reductase,
for measurement of NO levels in serum. Deproteinization of
samples was done with methanol, which does not influence the
sensitivity of detection of NO metabolites.

Statistical Analysis

All data are expressed as mean =+ standard deviation (SD)
and statistical analysis was conducted using SPSS
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statistical package, version 16.0 (SPSS Inc., Chicago, IL,
USA). A P value <0.05 was considered as significant. The
student ¢ test was used for normally distributed data.

Results

The characteristics like mean maternal age, parity, gesta-
tional age and basal metabolic index (BMI) (Table 1) of
the two groups of patients (IUGR with L-arginine vs [IUGR
with routine therapy) were similar upon randomization.
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Table 1 Characteristics of

Characteristics Group I (Mean £ SD) Group I A (Mean £ SD) Group II B (Mean & SD) P value
groups

Age 254 + 3.6 2547 £ 43 25.17 £ 4.3 >0.05

Parity 220 + 1.27 24 + 1.27 2.03 + 1.03 >0.05

POG 3328 £ 191 33.13 £ 2.19 33.0 £ 23 >0.05

BMI 20.8 + 3.72 20.6 + 4.74 >0.05

Previous obstetrics history of abortion, IUGR, stillbirth,
intrauterine death (IUD) was comparable in both the
groups of IUGR.

Our study showed significantly lower levels of serum
NO levels in Group I (IUGR group) compared to Group II
(AGA group), supporting reduced NO availability in [IUGR
pregnancies. Before treatment maternal serum NO level in
Group II A and II B was 26.13 &+ 4.64 and 25.37 +
4.6 pmol/L respectively which was significantly lower than
group I (42.48 £ 5.03 pmol/L) (Table 2).

After treatment with L-arginine, mean serum NO levels
(29.0 £ 6.2 pmol/L) in group ITA was significantly higher
than that in I B at termination of pregnancy. The mean NO
level in group II B at the initiation of study was
25.37 £ 4.6 pmol/L. which remain unchanged (25.2 +
5.71 pmol/L) at termination of pregnancy (Table 3).

A significant mild reduction in S/D ratio was observed
in cases with arginine therapy. In comparison, there was an
increase in S/D ratio, absence or reversal of end diastolic
blood flow after routine therapy (Figs. 1, 2). The mean
pretreatment umbilical artery S/D ratio in group II A was
4.96 £ 0.49 and the mean post treatment S/D ratio was
4.67 £ 0.63, this difference was observed to be statistically
significant (0.001). The mean initial umbilical artery S/D
ratio in group II B at enrolment was 4.5 £ 0.40 and at
termination was 4.82 £ 0.5, the difference was found to be
insignificant (Table 4).

Percentage of live birth was found to be more in argi-
nine therapy group (88.66 % case in group II A vs 80.0 %

Table 2 Comparison of serum NO (uMol/L) level between AGA and
IUGR group

AGA (group I) IUGR (group II) (Mean + SD) P value

(Mean + SD)

4248 £+ 5.03 Group IT A 29.70 £ 6.2 <0.05
Group I B 252 £5.71 <0.05

in group II B). 13.33 and 20 % of the cases in group IT A
and II B had intrauterine death respectively. The mean
birth weight of the neonates in group II A was 1.90 £
0.3 kg compared to 1.77 = 0.53 kg in II B (P > 0.05).
Gestational age at delivery was found to be more in
arginine therapy group (35.68 £ 2.80 in group II A vs
34.0 £ 3.50 in group II B). There was a higher incidence
of lower section cesaerean section (LSCS) in group II B
(22.05 % case in group II A vs 38.0 % in group II B). The
difference between the Caesarean section rates in the two
groups was found to be statistically significant
(P < 0.05). Percentage of vaginal delivery was found to
be higher in Group II A pregnant females (80 % case in
group II A vs 70 % in group II B) (Table 5).

Postnatal assessment showed that apgar score at 1st and
5th minute was higher in the L-arginine group. However,
the difference between the apgar scores in neonates of both
the groups was statistically insignificant. 46.15 % of neo-
nates in group II A and 58.33 % in group II B had respi-
ratory distress after birth. The frequency of hypoglycemia
in group II A and II B were 23.0 and 37.0 % respectively.
Hypothermia was seen in 15.3 % of neonates of group II A
and 2 % of neonates of group II B. 7.69 and 16.66 % of
neonates in group II A and II B respectively were found to
have elevated serum bilirubin levels. The incidence of
ventricular haemorrhage necrotizing enterocolitis and
exchange transfusion was 3.84 % in neonates of group I A
compared to 12.5 % in group II B thus suggesting a lower
incidence of these complications in Arginine therapy group
(Table 6).

In control group a larger number of neonates required
resuscitation and ventilation as compared to neonates in L-
arginine group. 30.76 and 33.33 % of the neonates of group
ITA and II B required NICU admission and had a hospital
stay of 9.75 &£ 6.0 and 11.38 £ 8.5 days respectively,
difference being statistically insignificant. Lower incidence
of neonatal death was reported in cases with IUGR treated

Table 3 Comparison of serum
NO levels between study and

Total NO level (uMol/L) (Mean + SD)

control group

Mean NO level (group II A) n = 30

Mean NO level (group II B) n = 30

Pre-treatment

Post treatment

P value Pre-treatment Post treatment P value

26.13 £+ 4.64

29.70 &£ 6.2

0.00 25.37 + 4.68 252 £5.71 >0.05
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Table 4 Comparison of

Mean umblical artery S/D ratio(Mean + SD)

umblical artery S/D ratio

between study and control Group IT A Group I B
1O
group Pre-treatment Post treatment P value Pre-treatment Post treatment P value
4.96 £+ 0.49 4.67 £ 0.63 0.001 4.50 = 0.40 4.82 £ 0.52 >0.05
Table 5 Neonatal Neonatal characteristics Group IT A Group 11 B P value
characteristics in study and
control groups N =30 %o N =30 %
Live births 26 86.66 24 80 >0.05
IUD 4 13.33 [§ 20 >0.05
Mean birth weight (kg) 30 1.90 + 0.38 30 1.77 £ 0.53 >0.05
Gestational age @ delivery 30 35.68 £ 2.80 30 34.0 £+ 3.50 >0.05
LSCS rate 6 22.05 9 38.0 <0.05
Vaginal delivery 24 80 21 70 >0.05
Table 6 Neonatal outcome in Neonatal outcome  Characteristics Group IT A Group II B P Value
study and control group
N =26 % N=24 %
At 1 min
APGAR SCORE <5 5 1923 6 25 >0.05
5-7 15 57.69 14 530  >0.05
>7 6 23.07 4 16.6  >0.05
At 5 min
<5 0 0 2 833  >0.05
5-7 10 346 12 50 >0.05
>7 16 61.53 10 41.60 >0.05
Complications Respiratory distress 12 46.15 14 58.33  >0.05
Hypoglycemia 6 230 9 350  >0.05
Hypothermia 15.38 25 >0.05
Hyperbilirubinemia 7.69 4 16.66 >0.05
VH?, NEC®, ET® 340 3 1250  >0.05
Resuscitations Routine 22 84.61 17 70.83  >0.05
Bag and mask ventilation 5 19.23 14 58.33  >0.05
a . Endotracheal intubation 2 7.69 3 12.5 >0.05
Ventricular haemorrhage d
b .. . PPV 4 1538 4 16.66  >0.05
Necrotizing enterocolitis o
R . NICU® admission 8 30.76 8 33.33  >0.05
Exchange transfusion .
d » o Duration of stay (days) 9.75 £ 6.0 11.30 £ 8.50 >0.05
Positive pressure ventilation .
. Neonatal mortality 4 153 3 12.50  >0.05

Neonatal intensive care unit

with arginine (15.3 % of group I A and 12.5 % of II B)
(Table 6).

Discussion

Uteroplacental hemodynamics is important in pathophysi-
ology of intra uterine growth retardation. Vascular tone is

@ Springer

an essential target of the paracrine and endocrine regula-
tions during pregnancy. NO synthesized in placental vas-
culature plays a crucial role in maintaining a low
fetoplacental perfusion. Studies have shown varying levels
of serum NO in third trimester of pregnancy [14, 15]. In
our study, as the pregnancy advanced there was a signifi-
cant increase in serum NO levels in AGA cases. No such
increase was seen in IUGR cases when they received



Ind J Clin Biochem (July-Sept 2015) 30(3):298-304

303

routine therapy alone. However a small but significant
increase was observed in cases receiving arginine, in
consistence with the findings of Neri et al. [16].

The rise in maternal plasma L-arginine concentration
increases the net uptake of uteroplacental and fetal arginine
which in turn increases insulin secretion and NO produc-
tion, thus playing a significant role in fetal growth [17]. L-
arginine is an insulinotropic amino acid. Vasodilator
actions of insulin are mediated by activation of endothelial
nitric-oxide synthase (eNOS) and subsequent production of
NO. Phosphatidylinositol 3-kinase and protein kinase B
(Akt) play important roles in insulin-signaling pathways
leading to production of NO in vascular endothelium [18].
It also increases growth hormone levels [16] thereby pro-
moting fetal growth. L-arginine, by increasing NO syn-
thesis, also causes vasodilatation and inhibition of platelet
aggregation thereby improving the fetomaternal circulation
[16]. In our study, as the period of gestation advanced there
was an increase in maternal serum NO levels in subjects
receiving arginine (group II A) showing small but signifi-
cant increase in NO levels compare to routine therapy
group (group II B).

Influence of arginine therapy on doppler indices in the
umbilical artery was found to be favorable. In the study
group the post treatment umbilical artery S/D ratio showed
a statistically significant decrease. These results were
comparable to a study [19] where a significant decrease of
non placental side resistance was seen in IUGR cases
receiving arginine. The effect was specific for pregnancies
complicated by IUGR associated with unilateral increased
resistance in uteroplacental perfusion. In another study
[20], it was reported that an intravenous infusion of a NO
donor induced a relaxation of uterine artery in second tri-
mester patients with abnormal uterine flow velocity
waveforms.

In the study group umbilical artery S/D ratio was found
to be decreased which was found to be significant. In the
control group when arginine was not given, S/D ratio was
found to be increased or end diastolic flow became absent/
reversed at the termination of pregnancy (Figs. 1, 2). Four
cases had absent end-diastolic flow and nine cases had
reverse end diastolic flow when umbilical artery S/D ratio
ranged between 5.01-6.0, irrespective of period of gesta-
tion (Figs. 1, 2).

A significant mild reduction in S/D ratio was observed
with an initial S/D ratio of 4-5 in cases with arginine
therapy at all period of gestation. With an initial S/D ratio
of 5-6, reduction was observed in cases with arginine
therapy in early third trimester only. No reduction was
observed in cases with an initial ratio of >6, and in late
third trimester despite arginine therapy.

In the present study we found that oral administration of
L-arginine was found to improve pregnancy outcome. The

mean birth weight of newborns, percentage of live birth,
percentage of vaginal delivery and gestational age at
delivery was found to be higher in L-arginine group (I A)
compared to routine therapy (II B) group, though the dif-
ference was not found to be significant. In regards to our
results of pregnancy outcome, similar effects of L-arginine
has been found by Xiao group [21].

There was a higher incidence of TUD and LSCS in
Routine therapy group (II B) compared to arginine (Il A)
therapy group. The difference between the caesarean sec-
tion rates in the two groups was statistically significant
(P < 0.05). The indication of LSCS in most of the cases
was fetal distress followed by non reactive non stress test
(NST).

Postnatal assessment showed that apgar score at 1st and
5th min was higher in the L-arginine group. However, the
difference between the apgar scores in neonates of both the
groups was statistically insignificant. The incidence of
complications after birth like intracranial haemorrhage,
respiratory distress syndrome, hypoglycaemia, hypother-
mia, hyperbilirubinemia, ventricular haemorrhage, necro-
tizing enterocolitis and exchange transfusion were found to
be lower in arginine therapy group. Percentage of neonates
delivered to routine therapy group mothers requiring
resuscitation in terms of routine resuscitation, bag and
mask ventilation, endotracheal intubation and positive
pressure ventilation was more compared to neonates
delivered to mothers who received arginine therapy. The
admission of neonates to NICU was also found to be lower
in the L-arginine therapy group. Duration of stay at hospital
and neonatal mortality was lower in arginine therapy group
compared to routine therapy group though the difference
was not found to be significant. Similar results were pre-
sented by Lampariello et al. [22]. However, in another
study Winer et al. [23] reported no significance difference
among the group supplemented with arginine compare to
control group.

Thus, conclusions drawn from this randomized pro-
spective study are that after oral administration of arginine,
when Umbilical Artery S/D ratio decreased and Serum NO
Levels increased, there was prolongation of pregnancy
leading to increase in gestational age of the fetus thereby
facilitating delivery of a baby with higher birth weight,
good apgar score and a better perinatal outcome. However
when S/D ratio increased, and Serum NO levels did not
increase significantly, it was associated with a poor neo-
natal outcome with increased complications requiring
resuscitation, prolonged NICU stay and perinatal mortality.

Hence, during antenatal care all pregnant women and
high risk cases should be screened for early detection of
IUGR. Besides routine fetal surveillance in IUGR umbili-
cal artery S/D ratio evaluation by doppler blood flow ve-
locitometry is helpful in detecting increased resistance and
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monitoring of a compromised fetus. These IUGR cases
should be given oral L-arginine, a nitric oxide donor, to
reduce resistance of feto-placental circulation. As no
reduction was observed in cases with an initial ratio of >6,
and in late third trimester despite arginine therapy, the ideal
candidate for arginine therapy according to our study
would be IUGR cases with S/D ratio less than 6 and
minimum of 3 weeks duration of arginine administration.
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