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This study has been performed to assess the effect of
methyldopa (MD) therapy in pregnancy hypertension on
the neonatal adaptation. Infants born to mothers on MD
for several weeks prior to delivery and presenting with
excessive tremor and irritability were evaluated
according to the dose of maternal MD. Pregnanc
hypertension and high dose MD was associated wit
impaired placental perfusion, compromised function of
fetoplacental unit and more frequent surgical delivery.
Infants of mothers on high (1.25-2.0 g/day) or low
(less than 1 g/daﬁ) MD ad gestational age, head
circumference, acid-base balance, Apgar score and blood
pressure similar to those born to healthy control
mothers. The birth weight of infants of the high MD
group, however, were significantly lower than in the
low-dose or control groups. MD therapy resulted in a
dose-dependent increase in plasma levels of prolactin,
thyrotropin and triiodthyronine indicating decreased
dopaminergic inhibition of pituitary hormone release.
Plasma thyroxine concentration, however, decreased
significantly. Cerebrospinal fluid noradrenaline was
found to be markedly depressed after maternal MD
showin disturbed central nervous system monoamine
metabolism. It is suggested that MD administration to
mothers presenting with pregnancy hypertension
interferes with cerebral monoamine metabolism of the
neonate and 1induces alterations 1in some endocrine
functions under dopaminergic control. The possible role
of chronic fetal distress frequently associated with
pregnancy hypertension should also be considered.

INTRODUCT ION

Methyldopa (MD) has been widely wused for the control of
hypertension in pregnancy and it has been shown to improve
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perinatal outcome without short-term or long-term major adverse
effects on the infant and child /7,18,19,22,23/.

However, systolic blood pressure of full-term newborn
infants of the treated mothers was lower during the first two
days after delivery and boys born to mothers taking MD from
16-20 weeks of gestation had smaller head circumference at
birth and when aged between 4 and 7 1/2 years /7,17,22/.

Boutroy et al recently observed episodes of arterial
hypotension, bradycardia, disturbances of respiratory
adaptation, decreased urine flow rate and functional ileus in
newborn infants exposed to maternal MD /5/.

In a preliminary study we reported on 3 infants presenting
with excessive tremor and irritability whose mothers were given
MD for pregnancy hypertension in a dose of 1.5-2.0 g/day for
8-10 weeks before delivery. These neurological symptoms were
associated with markedly depressed noradrenaline levels in the
cerebrospinal fluid without clinical and laboratory evidences
of perinatal asphyxia, infection, electrolyte and metabolic
disturbances. They were assumed, therefore, to represent the
neonatal equivalent of iatrogenic parkinsonism probably due to
the reduction of dopaminergic tone in the central nervous
system /3/.

On the basis of these observations we extended our clinical
investigations to explore in more details the influences of MD
prescribed during pregnancy on neonatal adaptation, in
particular on cerebrospinal fluid noradrenaline levels and on
pituitary release of hormones wunder dopaminergic control
(prolactin, thyrotropin).

PATIENTS AND METHODS

Three groups of newborn infants were enrolled in the study.
Infants of group 1 and Il were born to mothers on MD for
pregnancy hypertension and presented with excessive tremor and
irritability lasting for several days, therefore, as a part of
routine clinical evaluation lumbar puncture was performed.

Pregnancy hypertension was defined as systolic and diastolic
pressure repeatedly higher than 140 and 90 mmHp, respectively,
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under strictly controlled conditions. Patients whose blood
pressure could not be controlled with MD alone other drugs
such as beta-adrenergic blockers, diuretics and hydralazine
were given, but these patients were excluded from the study.

Infants of the trial were allocated to 3roup I or Il according
to the daily dose of maternal MD needed to achieve good blood
pressure, 1i.e. maintain systolic and diastolic pressure

below 140 and 90 mmHg, respectively.

Group | consisted of 10 newborn infants of mothers treated with
methyldopa (Dopegyt, EGYT, Budapest) in a dose of up to 1 g/day
(mean daily dose: 0.7 g, range: 0.5-1.0 g) for a period of 8.7
weeks (range: «-1- weeks) prior to delivery.

Group Il  included 15 newborn infants whose mothers were
given MD in a higher dose (mean: 1.83 g/day, range: 1.25-2.0
g/day) for a period of 8.9 weeks (range. 5-14 weeks).

Group Ill comprised 20 neonates born to healthy normotensive
mothers without any drug therapy during their pregnancy. The
indication for lumbar puncture 1in this group was suspected
perinatal infection which was excluded later on.

All infants were carefully monitored and checked for
erinatal asphyxia, infection, hypocalcemia, hypomagnesenmia,
ypoglycenmia, and hypo/hypernatremia but no pathological

alterations could be detected and the therapeutical trial with
glucose, calcium, magnesium and pyridoxine proved to be
unsuccessful.

Lumbar punctures were performed and blood samples were taken
at 8-10 a.m. for hormone measurements (prolactin PRL,
thyrotropin TSH, thyroxine T», triiodthyronine Ts:) at the 12-76
hours of postnatal age (mean: 38.2 hours).

Patients with ?regnancy hypertension were admitted to the
department where placental functions and fetal well-being were
regularly assessed as follows:

Serum beta”-glycoprotein (SPs), human placental lactogen
(HPL) and urinary excretion of estriol were measured twice a
week, fetal ultrasonography and non-stress test were performed
weekly, fetal movements were counted twice a day and after the
38th week of gestation regular amnioscopy was carried out.
Placental perfusion parameters were also measured before and
about one week after MD therapy when adequate blood pressure
control could be achieved using the method described by Lunnell
et al /15/ and modified by Bodis et al /4/.

Pregnant women of = the three groups did not differ
significantly 1in age, parity and weight gain during their
pregnancy. 1 mother in group I and 4 in group 1l had
proteinuria of greater than . g/day.

In addition to routine aboratory procedures, neonatal
cerebrospinal fluid noradrenaline was determined by spectro-
fluorimetr according to Hahn /12/, and radioimmunoassays were
applied or TSH /16/, PRL /1/, and also for T. and Ts
determination using commercial kits. The inter - and intraassay
coefficient of variation was less than .o \ for each hormone.

Results are expressed as means + SDM, statistical evaluations
were done by using Student®s t-test and X~"-test.

Approval of the institutional ethical comittee and informed
parental consent were obtained for the study.
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RESULTS

Placental perfusion parameters, the results of biochemical
tests assessing the condition of foetoplacental unit and
the mode of delivery in the three groups are shown in Table
I and II.

It can be seen that pregnancy hypertension resulted in
impaired placental perfusion as indicated by the significantly
longer vascular and intervillous phase, the significantly

greater intervillous perfusion index and uteroplacental
vascular resistance and by the significant fall of blood flow
index. In response to MD therapy the control of blood pressure

was associated with a significant improvement of time
parameters of placental perfusion and a significant decrease of
uteroplacental vascular resistance. However, intervillous
perfusion index remained unaltered and there was only
a moderate, insignificant increase in blood flow index.
(Table 1).

As shown in Table Il biochemical tests of the function of
foetoplacental unit yielded pathological results more fregently
in the high-dose MD group than in those mothers treated with
low-dose MD.

Clinical and laboratory data of newborn infants of mothers
with or without MD treatment are summarized in Table IIl. There
were no significant differences in gestational age, head
circumference, Apgar score and acid-base parameters of the
neonates born to treated or untreated mothers. High-dose MD,
however, was found to be associated with a significantly lower
birth weight which may be accounted for the more severe
maternal hypertension and the subsequent impaired placental
perfusion independent of MD administration. Similarly, fetal
systolic blood pressure appeared to be wuninfluenced by MD
therapy.

Table IV demonstrates neonatal hormone parameters on the
first day of life after maternal MD. In response to MD therapy
a dose-dependent increase occurred in the plasma levels of PRL,
TSH, and Ts indicating decreased dopaminergic inhibition of
pituitary hormone release. Interestingly, plasma ™



TABLE 1

Placental perfusion parameters in patients with pregnancy hypertension
before and after Methyldopa administration (mean _+ SDM)

T Ty Ti IP1 BF I UVR Blood pressure mmHg
max systolic diastolic
sec sec sec

Control 65.5 441 21.4 31.6 22.0 5.36 118.0 82.1

(nzzo) .2 .5 is.s +s.6 il10.7 ils o 12 . 13.2 i2.2
before 207 ,0XX 76.8x 130.0XX  60.0x s 0o XX  26.3X 158.5XX 96.0XX
Methyldopa i44 ils o 133.0 il5.2 i4.s is 4 i7.5 14.4
after 132.6x +40.5 92.2X 64.2x 9.2 XX 143X 132.0X 88 .0 X
Methyldopa 176.0 18.0 Iss6.0 il:.s i5.4 I6.1 i5.s 13.6

Asterisks indicate significant differences from the control value

xxp <0.001
"max time of maximum activity
time of vascular phase
11 time of intervillous phase
IPI intervillous perfusion index
BFI blood flow index

UVR uteroplacental vascular resistance
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TABLE 11

Results of intensive monitoring of the function
of fetoplacental unit and the mode of delivery in
healthy and hypertensive pregnant
women on Methyldopa therapyx

Methyldopa g/day Control
1.25-2.0 <10

Number of patients 15 10 20
Serum S pathological 7 4 3
normal 8 6 17
Serum HPL pathological gxx 2 2
normal 7 8 18
Urinary pathological s XX 2 3
estriol normal 7 8 17
Non stress test pathological 5xXx 1 1
normal 10 9 19
Aminioscopy pathological S XX 1 0
normal 10 9 20
i vaginal 9 7 19
Delivery forceps 1 1 0
caesarean sect 5 2 1

xp <0.05 Asterisks indicate significant differences from the
xxp <0.025 control group



Methyldopa
g/day

1.25 - 2.0

n = 15

n = 10

control

n = 20
xp<0.05
XXp<0.01

Clinical and
Gest. Birth
age weight
weeks g
38.1 2528xx
+1 6 +438
38.6 2910
+1.7 J+294
38.7 3055
+1.4 +254

Asterisks

after maternal

laboratory data of the newborn
Methyldopa (mean + SOM)x

Head

circ.

cm

34.
il .

o

34.1
+1.0

TABLE 111

Acid-base balance

pH BE
meq/1

7.32 -4.8
+0.08 3.0
7.34 -5.2
10.10 +2.8
7.29 -6.9
+0.09 +3.1

cU.
ﬁmHg

38.8
+7.9

36.4
+6.8

40.6
+9.2

infants born

Apgar score

1 min 5 min
9.0 9.5
+o0.2 10.3
9.2 9.9
+O .5 +O 2
8.7 9.8
+o.6 +0.3

indicate significant differences from the

control

Blood
pressure
mmHg

78 8.5

8l 49

83 +10.1

values

AoueuBaad ur Adesayy edoppAyrap
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TABLE IV

Neonatal hormone parameters on the 1st day of
life after maternal Methyldopa (mean + SDM)

Methyldopa PRL TSH Ta T3 CSF-NA
g/day nM/1 nM/1 ng/ml
1.25 - 2.0 2410x -16.0XX 84 _ Ixx 2.76x% 0 ,91xx

n = 15 ~507 +5.2 _+35 .1 +0.81 +© %G
=
1.0 2011 11.1 121 .4 1.68 1.81
n = 10 +384 +4.8 _+t46 .4 +1.0 n) .68
control 1884 9.6 149.8 1.29 2 .35
n = 10 +.404 +3.1 +38.1 +0.12 +0.94
xp<0.05 Asterisks indicate significant
XXP<o.01 differences from the control values

concentration decreased significantly. The reason for this
decrease is not apparent,one can speculate, however, that the
enhanced peripheral conversion of to Ts induced by MD may
play a role.

As in our preliminary study cerebrospinal fluid noradrenaline
was found to be markedly depressed after maternal MD providing
strong evidence that in this group of selected patients the
central nervous system monoamine metabolism 1is disturbed.
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DISCUSSION

The antihypertensive effect of MD has been claimed to be
accounted for by its ability to deplete endogenous
catecholamines and to induce synthesis of false
neurotransmitters in the central nervous system. In support of
this notion MD administration has been found to reduce
hypothalamic noradrenaline, adrenaline and dopamine and to
increase its metabolic product - methyl-noradrenaline which
can be stored and released as false neurotransmitter in place
of noradrenaline /26/.

Clinical and pharmacological studies of the placental
transfer of MD to human fetus and neonates have revealed
similar free and conjugated MD concentrations in maternal and
umbilical cord plasma /13/. Moreover, its elimination from the
newborn plasma was found to be markedly prolonged with a
halflife of about 14 hours as opposed to the value of less than
2 hours in healthy adults /5/. Interestingly, the conjugated
and total MD concentration appeared to be higher in the
amniotic fluid thanin the corresponding plasma providing
evidence that:

1.) the drug is mainly eliminated by the fetal kidney and
2. ) the fetus is exposed to an environment containing MD in a
relatively high concentration /13/.

In agreement with these observations the results of the
present study indicate that MD therapy for pregnancy-induced
hypertension may have serious influences on neonatal adaptation
by interfering with fetal-neonatal central monoamine metabolism
and inducing alterations 1in some endocrine functions under
dopaminergic control.

The most striking clinical findings in this study were that
infants born after maternal MD exhibit excessive tremor and
irritability unrelated to the well-known clinical and
biochemical disturbances of neonatal adaptation and
unresponsive to therapeutic measures commonly applied. We
assume a causal relationship of MD administration to the
observed neurological symptoms and depletion of central



62 E. Sulyok et al

catecholamines. In support of this assumption we found
significantly depressed cerebrospinal fluid noradrenaline in
infants of treated mothers and rapid improvement in clinical
symptoms of hyperactivity and irritability after atropine
therapy /3/.

This latter finding can be interpreted to indicate that the
reduction in adrenergic tone in favour of cholinergic tone may
contribute substantially to the development of these
neurological symptoms.

In addition to this interpretation, an alternate mechanism
for the observed changes in monoamine metabolism and clinical
symptoms should also be considered. Chisholm et al reported
strong correlation between newborn irritability and second
trimester mean arterial pressure without specific
antihypertensive drug therapy /s/.

It seems therefore, that newborn irritability is more likely
the result of impaired placental perfusion and chronic fetal
distress frequently associated with hypertension than that of
antihypertensive drug therapy.

In an attempt to explore whether the observed clinical
symptoms and biochemical alterations are the result of the
maternal MD therapy or they are due to pregnancy hypertension
independent of drug administration pregnant rats were given MD
in a dose of 14 mg/kg/day from the 10th day of their pregnancy
until delivery.

MU administration during pregnancy resulted in a significant
decrease of noradrenaline and dopamine but not of serotonin in
brain tissue homogenate on day 5, but such alterations could
not be seen on day 21 (Bodis, J. unpublished observation).

In this vregard it is of interest that exposure to moderate
hypoxia induced significant reduction in central nervous system
monoamine biosynthesis as reflected by the decreases in brain
monoamine levels /14,20/ and by the delayed and long-lasting
decrease in brain dopamine when hypocarbic hypoxia was applied
/21/. Furthermore, we have recently demonstrated decreased
cerebrospinal fluid noradrenaline in premature infants
recovering from perinatal asphyxia /:./.
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Data presented in this study on plasma levels of PRL and TSH
provide indirect evidence that the pituitary release of these
hormones 1is under dopaminergic control and MD administration to
the mothers during late pregnancy relieves dopaminergic
inhibition and results in elevated plasma PRL and TSH in the
neonate. It is of concern, however, that when metoclopramide, a
dopamine receptor antagonist, was given to mothers in term
labor no significant influence on cord PRL and TSH could be
observed /24,25/.

The clinical significance of elevated hormone levels in the
immediate neonatal period is not completely understood, PRL,
however, has been shown to play a role in vrespiratory
adaptation /../, in the control of neonatal tissue hydration
/s/ and in the regulation of renal handling of water and
electrolytes /9,10/.

The increase in plasma TSH levels appears to have less
clinical significance. When neonatal TSH screening program is
performed, however, the possible effects of maternal MD therapy
should be carefully evaluated.

In conclusion, MD administration to mothers presenting with
pregnancy hypertension seems to interfere with central
monoamine metabolism and to induce alterations in neuroendocrine
functions of the neonates. Further studies are to be conducted
to explore whether the observed clinical symptoms and
biochemical changes are the result of maternal MD therapy or
they are at least in part due to the associated chronic fetal
distress.
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