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L-Arginine supplementation in pregnancy: a systematic review of maternal
and fetal outcomes

Daniela Menichini®® ), Lia Feliciello?, Isabella Neri® and Fabio Facchinetti®

Obstetrics Unit, Mother-Infant Department, University Hospital Policlinico of Modena, Modena, Italy; bDepartment of Biomedical,
International Doctorate School in Clinical and Experimental Medicine, Metabolic and Neural Sciences, University of Modena and
Reggio Emilia, Modena, Italy

ABSTRACT

Background/aim of the study: L-Arginine (L-Arg)/Nitric Oxide (NO) system is involved in the
pathophysiology of relevant Obstetric conditions. This review aims at summarizing the effects of
L-Arg supplementation in pregnancy looking at safety and efficacy.

Methods: We conducted a systematic review of the literature utilizing PubMed for studies pub-
lished from inception to September 2022. The search included human and animal studies where
L-Arg was supplemented pre-conceptionally or during pregnancy, by either oral or intravenous
route. The main perinatal outcomes were focused.

Results: Among 1028 publications, 51 studies were eligible for inclusion, 25 were performed in
women, and the remnant in animals. Compared to controls/placebo, the supplementation with
L-Arg reduced the development of pre-eclampsia (four studies), decreased blood pressure, and
reduced the need for antihypertensive drugs in women with Hypertensive Disorders of
Pregnancy (HDP, eight studies). In women carrying growth retarded fetuses, L-Arg improved
fetoplacental circulation, birth weight and neonatal outcomes (five studies), while in the case of
threatened preterm birth, L-Arg reduced uterine contractions (two studies). In several animal
species, L-Arg supplementation in pregnancy improved reproductive performance by increasing
the litter number and size. Moreover, in pre-eclamptic and metabolic syndrome experimental
models, maternal hypertension and fetal growth were improved.

Conclusion: L-Arg displays biological activities in pregnancies complicated by HDP and growth
restriction, both in women and animal models. L-Arg administration is safe and could be a can-
didate as an intervention beneficial to maternal and fetal outcomes, at least in moderate clinical
disorders.
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Introduction risks of low birth weight, IUGR, pre-term birth, and
stillbirth [4-7].
A recent systematic review and meta-analysis by

Goto [8], conducted on human studies, confirmed a

Hypertensive disorders of pregnancy (HDP) remain
one of the major causes of pregnancy-related mater-
nal and fetal morbidity and mortality, worldwide.

Affected women are also at increased risk for cardio-
vascular disease later in life, independently from trad-
itional cardiovascular risks [1]. Pre-eclampsia (PE) is the
most severe HDP and represents one of the main
causes of maternal death [2]. Being the most impor-
tant reason for iatrogenic prematurity, PE is a major
contributor to perinatal mortality and fetal growth
restriction [3].

Placental insufficiency (or uteroplacental vascular
insufficiency) is another important issue in pregnancy
that compromises fetal growth and increases the

pathophysiological role of L-Arg in placental function
and vascular compliance, on which pregnancy out-
comes may be dependent [5] and reported the favor-
able effects of prenatal oral l-arginine on birth
outcomes.

L-Arg has the potential to improve birth outcomes
in pre- and peri-conceptional strategies, being also
beneficial for pregnant women, their families, health
professionals and policy makers. However, despite
arginine being a topic studied by several researchers,
there are still many unexplored areas in which it may
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play a role, such as the metabolic profile during
pregnancy.

This systematic review aims to summarize the
results of main human and animal studies supple-
menting L-Arginine either orally or intravenously dur-
ing pregnancy in terms of pregnancy and perinatal
outcomes, to finally underline the future research pro-
spective of this semi-essential amino acid.

Materials and methods
Literature search and data extraction

This systematic review followed the PRISMA guide-
lines [9].

A comprehensive literature search was conducted
in PubMed (www.ncbi.nlm.nih.gov) for studies pub-
lished from inception to September 2022, using as
keywords: L-Arginine OR Arginine OR Nitric Oxide
donor OR Arginine supplementation AND preeclamp-
sia OR high-risk pregnancy OR fetal growth restriction
OR hypertension OR hypertension in pregnancy OR
perinatal outcomes). In addition to database searches,
we performed a full-text review of studies included in
meta-analyses investigating the effects of L-Arg sup-
plementation in high-risk pregnancies on perinatal
outcomes, selecting 4 more trials from two metanaly-
sis [8,10].

This systematic review included both human and
animal studies. We restricted our search to studies
published in English. Review articles were excluded
after a search of the reference lists.

Study selection

After the primary records were retrieved from
PubMed, duplicates were removed. The remaining
records’ titles and abstracts were screened, and irrele-
vant studies were excluded. Full texts of studies
deemed relevant were obtained and reviewed in detail
for eligibility according to the inclusion criteria.
Reviews, Letters to the Editor, meeting précis and
other articles reporting studies that did not provide
the primary data were excluded.

Publications were included in the final analysis if
they met the following inclusion criteria: studies evalu-
ating supplementation of L-Arg during pregnancy or it
the pre-gestational and postnatal period. Studies with
unclear treatment details or with a combination of
several amino acids/supplements were excluded. At
least one of the following outcomes was used as a pri-
mary or secondary endpoint: maternal hypertension,
pre-eclampsia, fetal growth restriction/retardation,

feto/placental hemodynamic, birthweight, perinatal
outcomes. In case of human treatment, only random-
ized controlled trials and prospective or retrospective
cohort studies were considered.

Studies were excluded according to the following
criteria: narrative reviews, systematic reviews and
meta-analyses, studies evaluating pathophysiology
rather than clinical outcomes, studies published in
other languages than English.

Analysis

The outcomes evaluated included maternal hyperten-
sive disorders, pre-eclampsia, fetal growth restriction/-
retardation, and perinatal outcomes. We defined
maternal hypertensive disorders as blood pressure val-
ues above 140/85mmHg, pre-eclampsia as elevated
blood pressure associated with proteinuria and/or the
presence of kidney or liver function alterations, neuro-
logical signs, hemolysis or thrombocytopenia and/or
fetal underdevelopment [11].

Fetal growth restriction as an estimated fetal
weight <10th percentile [12], while perinatal out-
comes included birthweight, Apgar score, delivery
mode, NICU admission.

We also explored the association between maternal
blood pressure levels during pregnancy and offspring
outcomes whenever it was possible.

Results
Flow chart

The literature search identified 1028 articles, of which
21 duplicate records were removed. The remaining
1007 records were screened and 75 of them matched
the inclusion criteria. These studies were then assessed
for eligibility: five narrative reviews, 10 systematic
reviews and meta-analyses, two studies with unclear
treatment strategies, three studies evaluating the
pathophysiologic basis of disease, and four studies
with unavailable full text were excluded. Thus, our
review was restricted to 51 studies (Figure 1).

Human studies

Doses and timing of administration

Among the 25 human studies, L-Arg was administered
orally in 16, intravenously in eight, and a mixed treat-
ment was done in the remnant as reported in Table 1.
Oral treatment doses ranged from 1g/day [13] to
16 g/day [14, 15], lasting from 8 to 10days [15] to the
entire duration of pregnancy [16]. Intravenous admin-
istrations were mainly utilized in the acute treatment
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Figure 1. Flow diagram of the study selection.

of hypertension, PE or severe IUGR, doses ranging 15g
(in 500ml of 5% glucose) [17] to 30g (in 100ml of
saline) [18]. Treatments usually lasted one day, except
for the study by Xiao et al. [19] which administered L-
Arg for 7 days to women carrying IUGR fetuses.

L-Arginine and assisted reproductive technology

L-Arg was administered in three studies to women
undergoing assisted reproductive technology (ART)
[14, 15, 20]; medications were taken orally in addition
to gonadotrophin-releasing  hormone  analogue
(GnRHa) and pure follicle stimulating hormone (pFSH)
[14, 15], or in addition to folate and vitamin E [20]. L-
Arg led to less cycle cancelation, more oocytes and
transferred embryos, increased plasma and follicular
fluid nitrite/nitrate, as well as to Doppler flow
improvement in one study [15]. A detrimental role of
L-Arg was reported on embryo quality and pregnancy
rate during controlled ovarian hyperstimulation cycles,
due to the inverse correlation between follicular fluid

concentration of nitrite/nitrate and embryo quality
[14]. On the contrary, So [20] reported that, especially
in cases of male infertility, both biochemical and clin-
ical pregnancy rate were significantly increased by
L-Arg (Table 2).

L-Arginine and fetal
restriction

L-Arg was administered in seven studies to women
carrying IUGR fetuses: in three of them the administra-
tion occurred intravenously while in the remnant 4 it
was oral. Overall, the studies showed that L-Arg infu-
sion affects utero-placental circulation by lowering the
uterine artery pulsatility index [18], improving birth-
weight [19, 21, 22], reducing placental apoptosis, and
improved placental function and fetal development
[17]. L-Arg also reduced the incidence of abnormal
umbilical artery blood flow and uterine artery early—
diastolic notching [23], being not effective for severe
vascular IUGR in possibly due to the severity of the

supplementation growth



—
<<
—
L
z
T
o
z
w
=
a

Aep | (yg u1 Jw 005/6 07) biy-1 snouaaesu| zL/oL 95990/1YBIIMIBAQ e} [ed1ul)) 10T ‘e 32 3 e|janad
Kep | |w0O0L/b 0E ulw Qg 404 pasnjul sem Biay-] snousAesu| oL d1d pausalealyl 9661 ‘le 19 4 mLuIydde4
Kianap
jun jeudsoy
0} uolssiwpe
13ye SYPIM p—| 3dUIS ogadejd/bay-140 b ¢ [e10 Le/og gLd pauarealyy 104 800¢ e 39 ) DismapAY
SY99M 6E 01 07 WoI4 oqgade|d/Aep e biuy-1j0 B¢ [12]6) 05/0S sapueubaid ysu ybiy 104 9102 ‘le 39 33 opljnd eusasewe)
444
e uofe|ndod
Asaaap nun 0ga>e|d/suiweya Juepixonue + biy-1 j0 699 [e10 87t At yby 3d 10 LL0T ‘[e 32 4 ebauQ-ojjipeA
>m_u\m:._ 00l Slaplosip
vai Ajuo ‘sa Aep/bw ool vai+ (bwool lejndsea ejuaded
A>ueubaid auug eIIX |es pue bw ose BN+) b € bay-] |e10 6%/0€ snoinaad pue H) 1Y 1202 ‘|e 12 4 Ueuop
s{oamzL-0L oqgadeld/ Aep/6 ¢ Biy-1 [e10 or/0t HD 104 0L0z ‘e 33 | UaN
D ECTES fep e sawn ¢ 6| Biy-] [e10 9/0S 1d 104 6007 ‘|e 39 3 eAJIS-BIAID|RA
ogmum_a 10 ﬁmv_wwgm
10} Ajje1o Kep/b Aq pamojjoy shep g
skep g 104 “Ajiep Ajsnousaenur jw 00s/6 0z) Biy-1 snousnesu| 0v/0% daH 104 £00T ‘e 19 4 mauIydRy
(£1-€ 3buey) Aj|elo uaxe) g 10U pjnod suonedpaw
KIaAI[9p 10j9q uaym (yg A1aas 6L) Ajsnousnenul
sfep 9 Jo uelpspy 10 ‘(Y9 K1aA3 b g°€) Ajjeso bay-1 snousAelul 10 |eIQ €0/ d 104 9007 ‘[e 18 YN YdimaunpelH
sy9am ¢ [o3u0d>/Adeisyy sunnos/biy-1 6 ¢ [e10 Le/og 1d 104 900¢ B39 ) DismapIAY
skep g Al 0gade|d Jo (jw 005/6 07) biy-1 snouaaesu| 08/08 daH 104 9007 ‘e 39 | BN
foueubaid
JO SY9IM 9¢
|un panuiuod
pue sisoubelp
1d Ja)je SYPaM | [o3u0>/Adesayy sunnos/biy-1 6 ¢ [e10 Le/og 1d 5007 e 33 ) Hsmapiy
Aep | ogade|d/|w 005/6 07 Bay-1 J0 uoisnyu| snouaAesu| L/l daH 00T ‘e 39 | BN
skep ¢ ogade|d/biy-1 40 by [e10 SL/SL 1d ¥00C ‘e 39 DV Heis
Kianiap aun oqgade|d/bay-1 jo Aep/byL [eI0 T\ HBNIEIEZE 6007 [e 139 N JBUIM
Asaanap nun oqgaejd/Ajiep 6 ¢ biy-1 [eI0 8//¥TL 4oNI pue daH 1Y £00T ‘e 39 W expedoy
skep 1z skep 1z 1oy Ajiep b ¢ Biy-1 [el0 0€/0€/09 4onI [eud [ed1uld S10T ‘e 32 S ybuis
|013u0d/
fep | Ajrep ‘as0an|6 955 |w 00S Ul bay-7j0 HGL snouanesu| 0€/0€ ¥on| 104 LLoT ‘e 33 4S udys
skep / Josyuod/Adesayy aunnol/biy-1 jo Aep/b oz snouaAeu| 0£/9€/0€ 4onI leuy e 500C ‘le 1@ WX oelx
skep 0z skep oz 1oy Aep/ b ¢ Biy-1 [el0 0€/8. 4onI [eud [ed1ulDy ¥00¢ ‘e 19 d smazsodls
fep | (lw00L/6 0€) ulw O 104 uoisnyur Bay-1 snouaaesju| 6/6/6 4on| 104 9661 ‘e 39 | BN
611 00z 210]0) + 6 | Bay-]
dnoib 000LSY ‘PwgL 3 ulwena+ 61 oop
SYIUOW € Wnwixep a1e|04 + b7 ‘bay-7 ‘dnoib 000ZSY [el0 9€/L€/9€ LHY 1oy 020t ‘e 19 S 0S
ogade|d + Hs4d + eHyuoH
skepo1-8 B1y-1 691 + HS4d + eHyuo [e10 6L/81 L4y 104 00T ‘[e 39 ) eljbeneg
Kep/Biy-1 691 + HS4d + eHyuo
skepo1-8 HS4d + eHYuD [el0 LL/LL LY 1oy 6661 ‘[e 39 ) eljbeneg
1uaWieal) Jo uoneing UOIIUIAIDIU| N uofie|ndod ubisap Apnis Jeap Joyiny

“soisuUdeIRYD ApNis uewny ulel °| 3jqel



THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE e 5

uoisnjul
Hay-7 19e uswom 1ybiam-jewsou ul Ajuo passaiddns auam /z—z SHEIM bBuunp S[A3| uljnsu|
‘uoisnyul bay-7 J91e sdnoib yloq ul padnpas Ajpuediubis a19Mm S|9AS| UINSUl 431SaWILY IS|

9Y} U| "SI9SAWL] PUZ 1O IS| Y} Ul punoy a1am bBiy-7 03 sasuodsal ou ‘USWOM 3S3CO/IYBIIMIIN0 U] uoipuNy [eljaylopud pue Huljeubis uynsu| 95990/1ybIIMIBAD  #10T ‘e 13 e[ja113d
S|9A3]| Sd1BJHU puUR duowoy yimoib
WINJIds Y3oq Jo 3seadul ue Yum Jayiaboy ‘suoideiauod jo Jaquunu ayy pasnpal Apuedyiubis biy-1 A¥idRIIU0D 3UPAIN snoauejuods gld pausealyl 9661 ‘e 39 mduUIYIIeY
Joge| wisiaid pausleasyl yum susned "10ge| widlaid pauslealyl
ur uonnquIsIp Moj} poojq |eyuade|d-01a) pabueyd Buy-7 Jo sasop mo| yum uonejuswalddns |eiQ U}M USWOM Ul UOo[3e|ndJID |e3udde|d-0194 d1d pausiealyl 8007 ‘e 12 PsmIIAY
uonezijedipaw
g1d s3] pue wbiamyuiq 1aybiy 01 pa| pue 34 Jo sased ayy padnpas biy-1  Aoueubaid Bupnpas ul pedwi bunsas sy sapueubaid ysu-ybly 3 9107  |e 19 oplnd euaiewe)
3d JO IdUpLUI 3Y) Pacnpay id uonendod ysu-ybly 34 110T ‘|e 33 e6330-0||IpeA
JUBWIRAI} dAISUdUAdAYnUR bunapisuod ‘dnoib biy-1+ val SI9PIOSIP JBINISeA
M3U B LIe]S 0] PI3au JIMO| 3yl pue |4 AISlie sulisIn ‘sanjea g uo synsal buisiwolid ul sswod1no |ejeunsad Jo suswanoidw| ejuadeld snoinaid pue H)  1Z0C ‘e 19 Leuow
SWO0DINO0 €13} pue ‘[eulajew
dnoib ogaded ay1 ul Jaybiy aq 01 papus) suoned]|dwod [BIEUOSU UIELISD PUB SHIaM ‘A19A119P 1@ JUSWIE3I] SAISUSUdAYUe
Y€ 9yl a1059q A1aniep paledipul 34 pasodwuadns jo dusppul ay) ‘dnoib biy-7 sy ul sbnip uo uswom Jo abeuadiad pue
9AISUSIAAAYIIUR PIAISIDI USWOM JO 0 JIMOT JUSWIRII) JO SYI9M Z|—(L Ja)e dbueyd Jou pip dg JuSWIEaI] JO SYIIM Z|-0L Jaye abueyd dg HD o0L0z ‘le 19 LN
ymmoib [e3ay panoidwi Ajpayew Biy-7 uonepieial yimolb [e3a Id  600C ‘e 39 I eAJIS-BIAIp[RA
(foune)
ainssaid poojq bupnpas pue Aoueubasd Buibuojoid ul Buisiwold swaas biy-] AI9AI]9p 01 UONIBZIWOPURI WO dWl] daH 00T ‘|e 19 mL_uUIYdIRY
ollel aulueaD:uiwng|e
pue asuesed]d uljnui Aq wnuedisod
£19n031 3y udlsey skep Y10 pue pig uo passasse
1noyum wnuedisod Aep yigl ay1 uonduny A3upry pue ainssaid poojq Ajpasew anoidwi Biy-] eunuidloid ‘a1es uonesly Jejniswolbd ‘gyw Id 9007 ‘[e 3® VI YydimaunpelH
Id Ym
paiedijdwod Adueubaid pabuojoid pue swodIno [eleuoau pue buldg-jjam |e1a) paroidwi biy-] 9WODINO0 |E1RUOSU pUR UONIPUOD |e19 Id  900C ‘e 19 ) DsmapIAy
paonpal a1sm 4gg pue dgs Yyioq ‘sjos saisusadAy-nue ue pamoys bBiy-] aunssaid poojq d1jolseIp pue d1j0IsAS daH  900¢ ‘e 19 | USN
sauuibie pajejAylaw pue aulyyuio-1 ‘biy
-7 Jo suonenusduod ewseld aduanyul Jou pip Biy-7 snousbox3 “sulfnd-| Jo S|9A3| ewsejd ueaw
pue XON Jo UoiaXa Aleuln y-Z palead|d pue dyiN pue ‘gdd ‘dgs paiamol Apuesyubis biy- dvIN ‘d9a ‘dgS id  S00C ‘B39 ) DismapAy
SanjeA 1joIselp pue d1j01sAS JO 103)y3 dAIsud10dAyY (LSN) 1591 ssans-uou
dINde UB PIMOYS ING SIUSWSAOW [e}3) pUR SI|GRLIBA DBIpIRD 13j4e Jou pIp uoisnjul biy-] pazuaindwod e Aq sajqeliea Ueay [e3a4 daH 00T ‘e |39 USN
SHIIM 9
01 8 wouy buikiea yibus) jeuonelsab yum syuaned dndwepds-aid ul ogadejd yum pasedwod
Juswieal) Jo sAep z Jaye ainssaid poojq dijoiselp ueaw dnpas Jou pip uoneyuswsa|ddns biy-7 [eiQ ainssaid poojq d1joiselq d  ¥00T ‘e 19 DV Heis
UDN| JBNISBA 2IIASS 10} dAIIIAYD Jou S| Buy-] Ayipigiow [eyeuoau pue ybram yuig 4oNn| 31_A3s  600T ‘e 39 N Jauip
Buiysiou
d)j03seIp—A[4ed £191Je ULSIN puB MOJ4 Poo|q AJSME [edIjIqWN [BWIOUGR JO dUIPIdUI padnpal biy-] SlweuApoway [euid)ew-03a4 ¥YONI pue daH  £00¢ ‘le 319 | exedoy
Aupiquow
|ejeuoau buiseanap pue “yblamyuiq bupueyud ‘S|PAS] ON [eUIS1BW dSBAIDUl 0} pasn 3q ued Biy-] S|9A3] WINIdS ON [eusdlew pue ybramyuig donl sLoz ‘le 19 s ybuis
s|eaa1ul Jejnbai 1e
juawdo|ansp |e13) pue uoiduny jejuadeld panoidwi pue ‘sisoldode [eyuadejd pasnpal punosesyn-g Aq paioyuow juswdojaAap
YUM pa1eOosse ‘Z-[2q Jo uolssaidxa syl padueyus pue ‘xeg jo uoissaidxs ay) pasnpai biy-q pue yimoib |13} Jo sis1oweleq ¥onl 110z ‘e 19 4S uays
1ybIamyiq ueaw pue sjaAd] _EON/_ZON [euldlew paseanul biy-] S|9A3] WINISS ON [eusdlew pue ybramuig ¥onl $00¢ ‘e 19 oelx
1bsmyuiq pue 1ybiam [e1s) palewnss syl paroidwi biy-q 1ybram pajewnnss sn ¥onl 002 ‘e 19 d DISMIZS0IaIS
S9DUR)SISI dULIIN
paseanul Yum pajedosse YoMl Yum siusned ul uonejndild [ejusde|d-o1ain s1oaye uoisnjul biy-q uone[n [eyusde|d-o1ain ¥onl 966l ‘le 19 | USN
bay-7 Aq paseanur Apuediubis a19m Yd) pue aies aausod
-5y ay1 ‘Anjiuayurl sjew jo dnoibans aya uj "dnoib biy-7 ul Ydd pue a1es saisod-5)y 1aybiy syuow € ul Y4d Jo a1el aanisod-5Hy 19Y  0z0T FERERNKIN
SUOIIRIIUIIUOD 3)RIHU/ILNU PINj
s3]24> uonejnwnsiadAy Jejndyjjo) pue ewsejd pue ‘suoljen|eas
uelieAo pajjosuod buunp aies Aoueubaid pue Aujenb ofiqus 03 [eusWIILP 3q Aew Biy-] 13|ddo@ pue dydeibouosesyn ‘[euowioH 14Y  200T ‘le 12 D eybeneg
dnoib pajusws|ddns-Bay-7 Y1 ul Juswaroidwi moyy uswom Japuodsai Jood
191ddoq 3uedyIubIs “1-49] pue ‘_EON/_FON ‘auljiniid ‘auluibie Jo SUOIIRIIUIIUOD pINjy Jejndljjo) ul ulydosyopeuob 03 asuodsal ueliero
pue ‘ewse|d pasea.nul ‘SOAIqWS PaLIajsuRI] Pue ‘pa1d3)|0d S31AJ00 PIseadul ‘S1eJ UOIIB|DURD JOIMOT] pue moyy J3jddoq Jejndijjoy pue suLRlN 19V 0661 ‘le 19 D eybeneg
Buipuy urep SW02IN0 Ulep uonejndod Jeap Jloyny

'salpnis uewny jo sbuipuy ulel ‘7 3jqel



6 D. MENICHINI ET AL.

growth retardation (3rd percentile) and to the early
course of gestation (28 weeks) [24] (Table 2).

L-Arginine and hypertensive disorders of pregnancy
In 11 studies L-Arg was used to treat women with
hypertensive disorders of pregnancy (HDP), chronic
hypertension (CH), or preeclampsia (PE). Three studies
administered L-Arg intravenously while seven orally
and one either orally or intravenously when oral medi-
cation could not be taken [25].

Five studies included women diagnosed with PE
[25-29], and treatments lasted from 2days (acute
treatment) [27] to 3 weeks [29]. L-Arg supplementation
lowered systolic blood pressure (SBP), diastolic blood
pressure (DPB), mean arterial pressure (MAP) and
increased 24-h urinary excretion of NOx as well as
plasma levels of L-citrulline [26]. Moreover, L-Arg
markedly improved fetal growth [29] fetal well-being,
neonatal outcome and prolonged pregnancy [28]. L-
Arg also significantly improved blood pressure and
kidney function the 10th day postpartum without has-
ten the recovery of women with PE [25]. An acute
treatment of PE patients with gestational length vary-
ing from 28 to 36 weeks (4 g of L-Arg for 2 days orally)
with L-Arg supplementation did not reduce mean dia-
stolic blood pressure compared with placebo
(Staff AC).

Three studies were conducted on women with HDP
[30-32] and L-Arg was administered intravenously
(20g/day, for a maximum of 5days). L-Arg infusion
showed an acute hypotensive effect both on systolic
and diastolic values [30, 31], without affecting fetal
movements, while prolonging pregnancy [31].

The remnant studies included women at high risk
for PE [33, 34] or suffering CH [16, 35]. Oral prophylac-
tic treatments started in the first trimester and lasted
from 10weeks to the entire duration of pregnancy
(more than 30weeks). Although L-Arg did not change
BP a lower percentage of women required antihyper-
tensive drugs [35] and improved uterine artery imped-
ance [16]. PE was lesser developed and the incidence
of superimposed PE indicating early delivery <34 weeks
show a trend to be reduced [33-35]. L-Arg treatment
was also associated with higher birthweight and less
preterm births [34].

Two studies were conducted in women with threat-
ened preterm birth (PTB), one using 3 g/day of orally
since admission until delivery [28], while the other
acutely infusing L-20g/500 ml in 3 h of L-Arg [36]. Oral
supplementation increased feto-placental blood flow
while iv. infusion reduced uterine contractions,

increasing both serum growth hormone and nitrates
levels.

Transgenerational/metabolic effects of L-Arg

A single study evaluated L-Arg/NO system and its role
in insulin signaling and endothelial function in pregnant
women of different BMI categories [37]. NO availability
was found impaired in overweight/obese women, and
this deranged endothelial function and insulin regula-
tion. L-Arg reduced insulin level in the first trimester,
only in normal-weight in the second trimester.

Animal studies

Doses and timing of administration

In 23 out of 26 animal studies, L-Arg was administered
orally, either dissolved in drinking water or introduced
with the diet, whereas in the remnant 3 studies it was
administered intravenously [38-40] (Table 3).

Studies focused on the effects of L-Arg on repro-
ductive performances (five studies), fetal growth (16
studies), hyperinsulinemia and/or hypertensive disor-
ders (four studies) while immune response was out-
come of the remnant study.

L-Arginine and reproductive performance

Pigs [41-43], mares [44], and ewes [38], were the tar-
get of L-Arg. In mares L-Arg reduced uterine fluid
accumulation, without altering follicular development,
representing a breeding management tool in postpar-
tum period to increase reproductive success [44].
Moreover, L-Arg markedly increased live-born piglets
by two per litter [41] and increased birthweight [43],
also improving lactation performance of first-parity
sows [42]. No effects were found in lambing rates [38]
(Table 4).

L-Arginine supplementation and fetal growth
Supplementation (mainly via drinking water or
through diet) was done in undernourished sheep (six
studies), pigs (eight studies), rats (two studies).
Generally, L-Arg increased birth weight and muscle
weight as well as maturation [39, 45, 46] possibly
through altered mTOR protein abundance [39]. No
effect on the stillbirth rates was found in sows [47],
while L-Arg supplementation enhanced fetal survival
[48, 49] in swine. In sheep L-Arg (and NCG) supple-
mentation decreased IUGR by improving metabolic
homeostasis and through the expression of fetal
somatotropic axis genes [50, 51]. Zhang et al. 2016
[52] confirmed the promotion of fetal-placental
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development through the improvement of antioxida-
tion capability.

Placental growth and vascularity were enhanced by
L-Arg [53] also in pigs, although Li et al. [54] reported
a decreased litter size in gilts.

Once supplemented late in pregnancy, L-Arg had
no effect on piglet birth weight or lactation perform-
ance [55], being unable to mitigate consequences of
restricted maternal nutrition [56] (Table 4).

L-Arg supplementation and hyperinsulinemia/hyper-
tensive disorders

Three studies were conducted on murine models of
chronic exogenous hyperinsulinemia, leading to hyper-
tension and heart failure [57-59]. Another study used
L-NAME in rats creating a model of preeclampsia [60].

L-Arg reversed the endothelial lesion due to the L-
NAME exposure, and lowered blood pressure in late
pregnancy [60], decreased the degree of proteinuria
and the proportion of injured [58, 60, 61].

The supplementation with L-Arg increased birth-
weight, without any changes in the levels of plasma
insulin or serum glucose [59, 60], but stimulating NO
system in the placenta [58] (Table 4).

These data, obtained in different experiment mod-
els of insulin-induced rat hypertension, suggest a dir-
ect reversal effect of L-Arg administration on
hypertension and fetal weight changes, activating NO
systems in placenta and kidney.

Immune response and L-Arginine

In Trypanosoma cruzi infected pregnant Wistar rats,
which allowed Chagas disease development [62], L-
Arg decreased the levels of corticosterone and parasit-
emia and increased fetal and placental weigh, and
reduced amastigote burdens. L-Arg supplementation
might improve the host immune response during the
acute phase (Table 4).

Safety and tolerability of dietary supplementation
of L-Arginine

None of the human studies reported adverse events
associated with the supplementation with L-Arg dur-
ing pregnancy, neither for a long period of administra-
tion (3 months) [20] nor by using high doses as for the
acute treatments (20 or 30g/100 ml of saline for 1day
or 1week) [18, 19]. Among animal studies, only one
study conducted on sows reported an increase in still-
birth rates, in the group receiving the combination of
Arg and Ractopamine (Rac) from day 25 to 53 of ges-
tation [47] (Table 4). However, it is unknown to which
supplement such effect could be ascribed.
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Discussion

This systematic review of the literature found human
and animal studies over a large period of time, wit-
nessing the still actual interest toward L-Arg adminis-
tration for reproductive purposes.

Overall, the results demonstrated that L-Arg supple-
mentation during pregnancy could be benéeficial in sev-
eral circumstances, especially on maternal hypertension
and fetal growth, by reducing blood pressure levels,
the onset of preeclampsia, and improving vascularity as
well as placental function. However, it is worth empha-
sizing that many of the RCTs included were conducted
more than 15years ago and had weak power and a
heterogeneous population. Also, no data are available
on severest outcomes (i.e. stillbirth, placental abruption
or severe IUGR), unlike other studies with NO donors
[63, 64] which however failed in demonstrating efficacy
on the development of FGR, preterm delivery, and peri-
natal mortality and morbidity.

While pharmacological NO donors have been asso-
ciated with poor efficacy (Cochrane), L-Arg which is
the physiological substrate of endothelial NO synthase
seems to show a better risk/benefit profile. Possibly,
the production of peroxynitrites as a result of an
excess NO bioavailability does not occur when admin-
istering the amino acid [65].

However, short-term supplementation of L-Arg,
especially late in pregnancy, resulted insufficient to
improve maternal hemodynamics and did not mitigate
the effects of severe IUGRs [25]. This suggests that L-
Arg should be initiated early and continued over the
course of the entire pregnancy in order to positively
affect blood pressure or placental vascular insuffi-
ciency, via the arginine-NO pathway [66].

These findings confirm what has been reported in a
recent meta-analysis by Goto [8] (based upon solely
10 eligible articles) which concluded that the supple-
mentation with L-Arg should be recommended in
women with a history of poor pregnancy outcomes,
both in those at high-risk of pre-eclampsia, as well as
in those with already established HDP. However, we
agree with the authors stating that more trials are
required to provide stronger conclusions, since the
small study effects.

The partial efficacy of L-Arg may be related to the
splanchnic extraction and metabolism of arginine
which often precluded its efficacy with possible deg-
radation by arginase. Indeed, animal studies supple-
menting citrulline (direct NO donor without splanchnic
degradation), reported an enhanced placental function
and fetal growth in rat models of IUGR through the
involvement of insulin-like growth factor 2 and
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angiogenic factors [67] and improved perinatal and
postpartum maternal vascular function in a mouse
model of preeclampsia [68]. Citrulline effectively raised
fetal arginine availability, although it failed to increase
the concentrations of essential amino acids in fetal
plasma of murine models of IUGR [69]. Unfortunately,
no human trials are available about Citrulline and/or
combined supplementation.

Another systematic review [70] analyzed the role of
Arginine synthesis and metabolism in pregnancy and
provided evidence for the link between an impaired
arginine metabolic pathway and the pathogenesis of
compromised pregnancy and fetal programming.
Interestingly, the Authors presented L-Arg supplemen-
tation as a potential reprogramming strategy during
pregnancy, in order to prevent non-communicable dis-
eases (NCDs) in the offspring. Many of the evidence
supporting such an idea stay on the capacity of
improving fetal growth, also in cases where placenta
function is compromised. Accordingly, it has to be
remembered that the Barker's observation correlating
low than normal weight at birth with the later adult
development of cardiovascular diseases was the mile-
stone of epigenetic hypotheses [71].

The fetal somatotrophic stimulation by L-Arg is evi-
dent also in several animal species through the
exploitation of the amino acid as a booster of NO
availability in the placenta vasculature. In addition, we
understand from rats that L-Arg display its effects also
in cases where hypertension and growth restriction
are sustained by chronic hyperinsulinemia allowing
insulin resistance [57-59]. Indeed, besides cardiovascu-
lar benefits, serum glucose and free fatty acids con-
centration was reduced in overweight/obese females
in fertile period [72] and type 2 diabetes [73].
Although reported only in a single study, the ability of
L-Arg to activate endothelium-dependent vasodilation
in obese pregnant women reducing circulating insulin
levels suggests the possible employment of supple-
mentation in such a condition, well characterized as
being insulin-resistant [37]. Interestingly, among pos-
sible target of L-Arg administration there are also
women with a reduced pre-pregnancy BMI. They
showed low circulating Arginine levels which seem
related to poor pregnancy outcome [79].

Finally, in ovine, swine and equines, L-Arg supple-
mentation also improved the reproductive performan-
ces becoming one among the interventions able to
increase animal production.

Among the studies included, in this review none
reported serious adverse reactions to L-Arg supplemen-
tation thus confirming a previously reported safety

profile in pregnancy [72]. Severe adverse events were
reported only in a population of patients with a recent
coronary heart disease over a long-term treatment
(6 months) at high dose (9g/day) [74]. Moreover, in a
controlled study, L-Arg has been found safe in subjects
ingesting 15-30g/day for 90days, with no impact on
the intake of energy, protein, carbohydrates, vitamins,
or minerals. However, it is worth mentioning that NO
donor supplementation in pregnancy is still debated, as
not all NO donors are considered safe in pregnancy.
Sildenafil, for example, when administered for severe
early-onset fetal growth retardation, not only did not
reduce the risk of perinatal mortality or severe neonatal
morbidity, but actually increased the risk of neonatal
pulmonary hypertension [75].

Arginine is a non-essential amino acid whose intake
from the diet (meats, dairy products, nuts, ...) has
been estimated to be >4g/day in western countries
[76] while it seems much less available in people living
in low resource settings [77]. For a lot of micronu-
trients, such as iron, iodine, calcium, Vitamin D, and so
on, pregnancy represents a status of relative deficiency
[78]. Thus, although we lack standard of Arg intake in
pregnancy, it seems not unlikely that during gestation
women require more intake due to both major needs
(fetal growth) and to cover changes in eating behavior
(i.e. less intake of meat).

Furthermore, L-Arg administered intravenously was
associated with important fetal and maternal vascular
effects [18, 32]. However, the effects were not long-
lasting, and the clinical feasibility was poor allowing
oral Arginine be preferred in clinical trials.

However, the evidence highlighted in this system-
atic review indicate that L-Arg displays biological activ-
ities supporting its potential as a “therapeutic agent.”
Moreover, neither human, nor animal ingestion of L-
Arg have been associated to side effects and/or
adverse reactions, at the given doses.

The “novelty” of this systematic review is that it
examined not only the vascular but also the metabolic
effect of arginine, including both animal and human
studies. In particular, the L-NAME model was evaluated
to target the well-consolidated, NO-mediated L-Arg
action. The hyperinsulinemia animal model, on the
other hand, allows for the first time to transfer the
possible metabolic effects to pregnancy, which have
not yet been well studied, contrary to non-pregnant
conditions where various evidence of the metabolic
impact of arginine is already available both in experi-
mental [80, 81] and human studies [81-83].

Nitric oxide (NO) is a key regulator of both maternal
and fetal homeostasis during pregnancy nevertheless



strategies involving supplementation with NO precur-
sors, NO donors, natural derivatives or pharmaco-
logical modulators of the NO system need to be more
evaluated and randomized trials are yet warranted.
This review suggests that the supplementation of a
certain kind of L-Arg (i.e. in intravenous form or in oral
vial as salt free form at a dose of 3g/day) may not
simply be used as a replacement for a transitory defi-
ciency. Instead, through its cardiovascular and meta-
bolic effects, L-Arg could be candidate as an
intervention beneficial to maternal and fetal outcomes,
at least in moderate clinical disorders.
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