
258 Lee et al, Angiotensin converting enzyme and hypertensive pregnancy

j. Pennat. Med. Angioteiisiii converting enzyme activity in hypertensive pregnancy
15 (1987) 258

Milton I. Lee1, Sidney F. Bottoms1, Robert J. Sokol1, and Herbert M. Todd2

1 Wayne State University, Hutzel Hospital, Detroit, Michigan, and 2St. Louis
University, St. Louis, Missouri, U.S.A.

1 Introduction

Components of the renin-angiotensin system
have been implicated repeatedly in hypertensive
disorders of pregnancy [3,10,11]. However, the
role of angiotensin converting enzyme (ACE)
in blood pressure regulation during pregnancy
has rarely been investigated. This enzyme cata-
lyzes the conversion of angiotensin I to angio-
tensin II, a potent vasopressor and deactivates
a vasodepressor, bradykinin, thereby raising
blood pressure. Vascular endothelium is the pri-
mary source of ACE [2, 8, 9] and it can be
measured in plasma or serum. Studying 18 nor-
motensive primigravida, OATS et al. [7] found
ACE levels to be significantly lowered during
normotensive pregnancy and to be dependent
on gestational duration. Whether the activity
of this enzyme is altered in hypertensive dis-
orders of pregnancy has not been determined.
The purpose of this study was to determine
whether serum ACE activity is significantly dif-
ferent in subjects with hypertension during late
pregnancy from that in normotensive gravidas.

2 Methods

Thirty pregnant women were investigated, of
whom 16 were hypertensive and 14 were nor-
motensive. The hypertensive group consisted of
12 nulliparous and 4 multiparous women 28 to
36 weeks' gestation, consecutively hospitalized
for evaluation and treatment of their disease.
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These subjects were studied less than 24 hours
after being admitted and prior to any treatment
other than bed rest. None were on medications
or restrictive diets prior to admission or investi-
gation. Ten of the twelve nulliparas had moder-
ate pregnancy induced hypertension (PIH) and
two had PIH superimposed on chronic hyper-
tension, according to criteria previously pub-
lished [5]. Their diastolic blood pressures were
less than 110 mm Hg, and proteinuria was less
than 3 + on dipstick determination. Two of the
four multiparous women had chronic hyperten-
sion before developing superimposed PIH and
had been medicated intermittently prior to con-
ception; the two remaining women developed
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the hypertension and proteinuria syndrome de
novo. Their diastolic blood pressures were
90 mm of Hg or above, on at least two occa-
sions six hours apart and 2+ proteinuria was
present by dipstick determination.
The normotensive (control) group consisted of
4 multiparas and 10 nulliparas women 29 to 40
weeks gestation, who regularly attended the
obstetrics clinics and who consented to partici-
pate in the study. They denied restrictive diets
or ingestion of medication other than pre-
scribed prenatal vitamins and iron. Their dias-
tolic blood pressures were never greater than
75 mm Hg and the systolic pressures did not
exceed 130 mm Hg during the prenatal period.
None of these subjects demonstrated protein-
uria during their pregnancies.
Examination of the optic fundi, lungs and heart
was within normal limits for all subjects at
the time of the investigation. Results of serum
transaminases, urea nitrogen, bilirubin and co-
agulation profiles in members of the PIH group
were within normal limits on the day of admis-
sion to the hospital. Gestational duration was
determined by agreement within one week be-
tween last menstrual period and by real time
ultrasound cephalometry.
A blood pressure cuff was placed on the right
arm prior to placement of a 19 gauge heparin
lock in the right forearm at the beginning of
the study. Subjects were rested in the left lateral
decubitus position for 20 minutes in a quiet
room. Blood pressures were determined by aus-
cultation using the first (systolic)-and fifth (di-
astolic) sounds of Korotkoff, and repeated im-
mediately; mean values were recorded and dias-
tolic pressures used for analysis. Our standard

methods for blood sample collection included
removing of 4 ml blood through the lock over
2 minutes and permitting the specimen to stand
and clot 3 — 4 hours prior to centrifuging for 5
minutes at 3000 rpm. Thereafter, the serum was
removed for storage at —20 degrees C until
assayed for ACE activity.
Serum levels of ACE activity were determined
in duplicate samples using spectrophotometric
methods described by LIEBERMAN [6]. The col-
lected serum was incubated with the substrate
Hip-His-Leu (Calbiochem, Calif) at 37 degrees
C for 60 minutes. The hippuric acid generated
was extracted with ethyl acetate in a heating
block at 100 degrees C and redissolved in nor-
mal saline. The absorption of this solution was
read after 15 minutes at 228 nM on a Beckman
Du-8B spectrophotometer set to zero against
distilled water.
All results are reported as means + S. D. Data
analysis was done using unpaired t-tests when
appropriate and stepwise regression using the
BMDP Statistical Software Package (Univer-
sity of California, 1982). A p < .05 was consid-

'ered significant.

3 Results

Significant differences between the two groups
were found in mean diastolic blood pressure,
ACE activity and chronological age. There was
no difference in gestational duration. These
findings are shown in table I. Stepwise regres-
sion analysis was done with ACE activity as
the dependent variable and diastolic pressure,
gestational duration and maternal age as inde-
pendent variables. The results are shown in

Table I. A comparison between ACE activity, diastolic blood pressure, maternal age and gestation duration
( + S. D.) in hypertensive (n = 16) and normotensive (n = 14) subjects 28 — 40 weeks gestation.

Hypertensives
Controls
P <

ACE activity
(units)

2 1 + 4
13 + 5
.001

Diastolic
(mm Hg)

81 + 12
51 + 11
.001

Maternal age
(years)

22 + 5
26 + 6
.05

Gestation
(weeks)

32 + 3
34 + 3
NS
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Table II. Summary table for stepwise regression analysis of the relationships between ACE activity and diastolic
blood pressure, gestation duration and maternal age in 16 hypertensive and 14 normotensive gravidas 28—40 weeks
gestation.

Step
No.

1
2
3

Variable
entered

Diastolic pressure
Gestation duration
Maternal age

Multiple
R

.501

.555

.558

R2

.251

.308

.311

Increase
in R2

.251

.057

.003

F to enter

9.366
2.252
0.104

ACE activity = dependent variable, n = 30

table II. Of the three factors tested, only dias-
tolic blood pressure was significantly related
to ACE activity (R2 = 25%, p < .04). Once
diastolic blood pressure entered the equation,
there was no longer any significant relation of
maternal age or gestational duration to serum
ACE level.

4 Comments

The key finding of this study is that serum ACE
activity is significantly elevated in subjects with
PIH, a finding in this series not accounted for
by differences in maternal age or gestational
duration. A possible explanation for this obser-
vation is that ACE is stored within pinocytotic
vesicles of capillary vascular endothelium [2, 9,
10] and the enzyme may be released into the
maternal circulation from deranged vascular
endothelium observed in PIH. Such angi-
opathic changes have been described in hyper-
tensive pregnant women [4].

Alternatively, it might be suggested that ad-
vancing chronological age correlates negatively
with ACE activity [6], and could be a confoun-
der of our findings. Indeed, the hypertensive
subjects in this study tended to be younger than
controls. However, as shown in the multiple
regression, age did not significantly relate to
ACE levels when blood pressure was taken into
account. A third possibility relates to the fact
that the activity of this enzyme can be altered
by other diseases, notably sarcoidosis [6]. None
of the subjects investigated in this series had

positive histories or demonstrated evidence of
system disease other than hypertension. Thus,
based on this small series, the first explanation
appears the most likely.
Although mean diastolic blood pressures may
appear relatively low for hypertensive subjects,
blood pressures were carefully taken and re-
peated immediately in the right arm after the
subjects had been resting tranquilly in the left
lateral position for at least 20 minutes in a quiet
room.
A comparable investigation of ACE activity in
16 hypertensive gravidas at 36 weeks' gestation
and 17 normotensive women at 40 weeks' gesta-
tion was performed by RASMUSSEN et al. [8].
Serum levels of ACE activity in the hypertensive
group of RASMUSSEN and colleagues [8] were
very similar to those found in the 16 subjects
with PIH in the current study, 20 ± 3 vs 21 ± 4
units, respectively. In addition, in the current
study, levels of ACE activity were depressed
(13 + 5 units) in normotensive gravidas, in
agreement with the findings of OATS et al. [7]
who reported a depression in this enzyme's
activity during normotensive pregnancy, when
compared with the nonpregnant state. RASMUS-
SEN et al. [8] did not observe a similar decrement
in normotensive pregnancy, apparently ac-
counting for their failure to detect a relative
increase in ACE levels in their hypertensive
gravidas. Reasons for this discrepancy with re-
gard to ACE levels in normotensive pregnancy
remain speculative and warrant additional
study.
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Given that ACE levels are, indeed, typically
lowered in normotensive pregnancy, current
findings raise an interesting clinical question:
Does the relative elevation in serum ACE activ-
ity observed in patients with PIH precede the

development of clinical evidence of the dis-
order? If so, might this test be useful as a
predictor of the developing disease? Additional
studies will be necessary to answer these ques-
tions.

Summary

Recent investigations suggest angiotensin converting en-
zyme (ACE) activity is generally decreased in normoten-
sive pregnancy, but less is known about the level of
activity of this enzyme in hypertensive pregnant subjects.
The primary source of ACE is vascular endothelium and
it can be measured in serum or plasma. In a preliminary
investigation, we measured and compared diastolic
blood pressure and serum ACE activity in 14 uncompli-
cated pregnant subjects during the third trimester, and
in 16 subjects of similar gestation duration hospitalized
with pregnancy-induced hypertension PIH. No patient

had a positive history for, or evidence of, pulmonary or
other metabolic disease. Compared with levels in normal
pregnancy, serum ACE activity was found to be signifi-
cantly elevated in PIH. In this study, this increase was
not due to differences between the groups in maternal
chronologic age or gestational duration. Further studies
are necessary to determine if the increase in ACE activity
precedes or follows development of clinically apparent
PIH. If the former is the case, ACE activity might be a
useful indicator of risk for PIH.

Keywords: Angiotensin converting enzyme (ACE), blood pressure, hypertension, normotension, pregnancy induced
hypertension (PIH).

Zusammenfassung

Aktivität des Angiotensin-Converting-Enzyms bei Hyper-
tonie in der Schwangerschaft
Neuere Untersuchungen zeigen, daß die Aktivität des
Angiotensin-Converting-Enzyms (ACE) bei normotensi-
ven Schwangeren im allgemeinen reduziert ist; über die
Aktivität dieses Enzyms bei Hypertonie in der Schwan-
gerschaft ist jedoch wenig bekannt. Die Hauptquelle des
ACE ist das vaskuläre Endothelium; die Messung kann
im Serum oder im Plasma erfolgen. In einer früheren
Studie wurden der diastolische Druck und die ACE-
Aktivität im Serum bei 14 komplikationslosen Schwan-
gerschaften während des letzten Trimenons gemessen
und verglichen mit denen von 16 Schwangeren, die we-

gen einer H-Gestose hospitalisiert waren. Bei keinem der
Patienten lagen Hinweise für Lungen- oder Stoffwechsel-
erkrankungen vor. Wir fanden signifikant erhöhte ACE-
Spiegel bei H-Gestose. In der vorliegenden Studie konn-
ten wir nachweisen, daß dieser Anstieg nicht auf Unter-
schiede zwischen den Gruppen bezüglich des mütter-
lichen Alters oder der Schwangerschaftsdauer zurückzu-
führen war. Weitere Untersuchungen sind notwendig,
um festzustellen, ob der Anstieg der ACE-Aktivität der
klinischen Manifestation einer H-Gestose vorausgeht
oder folgt. Geht der Anstieg voraus, könnte die Bestim-
mung der ACE-Aktivität zur Abschätzung des Risikos
für eine H-Gestose von Nutzen sein.

Schlüsselwörter: Angiotensin-Converting-Enzym (ACE), Blutdruck, H-Gestose, Hypertonie, Normotonie, Schwan-
gerschaft.

Resume

Activite de Penzyme de consersion de l'angiotensine et
hypertension gravidique
Des investigations recentes suggerent que Factivite de
l'enzyme de consersion de Fangiotensine (A. C. E.) dimi-
nue habituellement au cours de la grossesse chez la
femme normotendue, mais on en connait moins sur le
niveau d'activite de cette enzyme chez les femmes encein-
tes hypertendues. La premiere source d'A. C. E. est l'en-
dothelium vasculaire et on peut le mesurer dans le serum

ou le plasma. Dans une etude preliminaire, nous avons
mesure et compare la pression sanguine diastolique et
l'activite serique A. C. E. chez 14 femmes ayant une
grossesse sans complication au cours du troisieme tri-
mestre et chez 16 femmes au meme terme hospitalisees
pour une hypertension purement gravidique (P. I. H.).
Aucune patiente ne presentait d'antecedents ni de signe
d'affection pulmonaire ou metabolique. On a trouve
que l'activite serique A. C. E. est significativement plus
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elevee dans le groupe P. I. H. que dans le groupe gros-
sesse normale. Dans cette etude, cette elevation n'est pas
secondaire a des differences entre les 2 groupes en ce
qui concerne Page maternel ou le terme gestationnel.
Des etudes ulterieures sont necessaires pour determiner

si l'elevation de l'activite A. C. E. precede ou suit 1'appa-
rition de la P. I. H. cliniquement apparente. Si la
deuxieme eventualite s'avere exacte, l'activite A. C. E.
pourrait etre un indicateur utile de P. I. H.

Mots-cles: Enzyme de consersion de l'angiotensine (A. C. E.), grossesse, hypertension, hypertension gravidique
pure, pression sanguine.
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