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Abstract matched with age and gestational age were recruited as

Haem oxygenase-1 (HO-1) contributes to the antioxidant
capacity of several organ systems and this is important
in pre-eclampsia where anti-angiogenic factors, systemic
inflammation and oxidative stress predominate. This
study aimed to determine the serum levels of HO-1 in
pre-eclampsia and normotensive pregnant women and
investigate the relationship between it and severity of
pre-eclampsia. This was an analytical cross-sectional
study that involved 240 consenting pregnant women
over a period of 8 months. Of these, 120 women who
were diagnosed with pre-eclampsia from a viable
gestational age of 28weeks were consecutively recruited

as cases; while 120 normotensive pregnant women

controls. Their serum HO-1 levels were assayed by the
Linked

Immunosorbent Assay. Values were compared between

double-sandwich antibody Enzyme
the two groups and correlated to the severity of pre-
eclampsia. There was no significant difference in the
median levels of HO-1 in pre-eclampsia [3.23 (3.0 — 3.5)
ng/ml] and normotensive pregnancies [2.88 (2.2 — 3.3)
ng/ml], p>0.05. Median levels of HO-lwas however
significantly higher in severe pre-eclampsia [4.43 (4.0 —
4.6) ng/ml] compared to mild pre-eclampsia [2.80 (2.3 —
3.2) ng/ml] and normotensive pregnant controls
(p<0.05). Serum HO-1 levels showed a positive

correlation with mean arterial blood pressure in severe
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pre-eclampsia. It was concluded that women with severe
pre-eclampsia had higher levels of serum HO-landa
positive correlation with disease severity.

Keywords: Haem oxygenase 1, pre-eclampsia, oxidative
stress

Introduction

Pre-eclampsia remains a major cause of perinatal and
maternal morbidity and mortality. It is rapidly
progressive, multi-systemic and characterized by
widespread endothelial damage with a clinical
presentation of hypertension®? and one or more of the
following: proteinuria, maternal organ dysfunction
(including renal, hepatic, hematological, or neurological
complications), or foetal growth restriction, after 20
weeks gestation.® it is a major cause of preterm delivery
with its attendant complications.** pre-eclampsia is mild
in 75% of cases and severe in 25% of them.®it could be
early onset- occurring before 34weeks gestational age,
late onset if it occurs after 34weeks or postpartum.®®
globally, the incidence rate of pre-eclampsia stands at 3 -
10%, and maybe as high as 10 — 18% in developing
countries including nigeria.” the prevalence in an
institution based study of lagos stands at 7.6%.% it
accounts for the death of 76,000 women and 500,000
babies per year.® The aetiology of this pregnancy
specific disease and the mechanisms responsible for its
pathogenesis have not been fully understood, making
prevention and cure an ongoing challenge.'®'central to
its pathogenesis is placental ischemia/hypoxia which is
thought to lead to widespread activation of the maternal
vascular endothelium, resulting in enhanced formation
of endothelin and superoxide, increased vascular
sensitivity to angiotensin Il, and decreased formation of
vasodilators such as nitric oxide and carbon

monoxide. 11213
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Recent studies are exploring the role of haem oxygenase
enzyme (HO-1), an anti-inflammatory enzyme system,
in combating the oxidative stress, vasoactive and
angiostatic substances that may be responsible for the
pathology seen in pre-eclampsia. It is suggested that its
levels may be altered in the disease entity.11131415The
haem oxygenase system is now known to be an
important stress response pathway. Its metabolites
carbon monoxide (CO) and bilirubin are known to exert
protective functions on the vascular endothelium. CO is
a potent vasodilator while bilirubin is an antimetabolite;
both of which may have a local vasodilatory and
protective effect in the foeto-placental vasculature.*®
Most of the studies done on HO-1 have been on
placental explants. This study however, was conducted
on human sera because the HO-1 enzyme activities
against angiostatic molecules are not limited to the
placentae. The study aimed to determine the serum level
of HO-1 in pregnancies complicated by pre-eclampsia
and it is hoped that the findings may contribute to the
understanding and management of the disease.
Methodology

This study was conducted in the department of obstetrics
and gynecology of the lagos state university teaching
hospital (lasuth), ikeja, lagos between January and
august 2021. It was a cross-sectional study involving
women with pre-eclampsia as study group and healthy
normotensive pregnant women as controls. Ethical
approval was obtained from our institution’s ethics and
research committee. We determined the sample size by
using the formula for single proportion with prevalence
rate of 7.6%® each, amounting to 120 per group
including 10% attrition. All consecutive pregnant

women who were diagnosed with preeclampsia (study)

using the revised international society for the study of g«
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hypertension (isshp) criteria® together with normotensive
(controls) who presented at the antenatal clinics and
emergency room of the hospital and fulfilled the
inclusion criteria were recruited after due counselling,
and informed consent was taken to participate in this
study.

Pre-eclampsia was defined as an elevated blood
pressure of 140/90mmhg and above, developing after
20-week gestation with one or more of the following:
proteinuria (the presence of 0.3g or more of protein in a
24-hour urine collection; usually corresponds with 1+
or greater on a urine dipstick test), maternal organ
dysfunction (including renal, hepatic, hematological, or
neurological ~complications) or foetal growth
restriction.®pre-eclampsia is severe when systolic blood
pressure is 160mmhg and above, or diastolic blood
pressure of 110mmhg and above or both combined; or a
mean arterial blood pressure [calculated as systolic bp +
(diastolic bp x%2)/3] of 110mmhg and above.!” the
presence of maternal organ dysfunction, foetal growth
restriction and foetal death were also considered as
markers of severity.!’

All participants were recruited at diagnosis from a
viable gestational age of 28 weeks and the control
which consisted of normotensive pregnant women
were matched at the time of recruitment with
maternal and gestational age.

Those excluded from this study included pregnant
women with any of the following conditions: chronic
hypertension, chronic renal disease, eclampsia, diabetes
mellitus, multiple pregnancy, sickle cell disease, human
immunodeficiency virus infection (hiv) or acquired
immune deficiency syndrome (aids), infections, patient

on antiplatelet agents like aspirin and those on calcium

©2023, IJIMACR

supplements, patients in labor, patients who smoke
cigarette and those who declined participation.

Relevant information was obtained from each patient
into a structured proforma. Blood pressure was
cuff-size  automated

measured with  appropriate

sphygmomanometer with  participants in sitting
position. About 5 ml of venous blood sample was
obtained from the antecubital vein of all participants via
routine aseptic phlebotomy into plain vacutainer
specimen bottle. Samples were processed to obtain the
supernatant serum into numbered cryovials and kept at -
20° till batch analysis. Serum haem oxygenase-1 (ho-
1) determination was done by quantitative double-
sandwich antibody enzyme linked immunosorbent
assay (elisa) technique with the commercially
manufactured kit by my BioSource laboratories inc, san
diego, ca 92195-3308, USA. The average value of ho-1
in pregnancy is 3.04ng/ml (2.41 — 4.39).%8sensitivity of
the kit: minimum detectable ho-1 up to 0.06ng/ml.
Detection range: 0.312ng/ml — 20ng/ml specificity: no
significant cross-reactivity or interference between
human ho-1 and analogues.  The data were analyzed
using statistical package for social sciences version 26
(spss ibm chicago). Descriptive statistics, tables, charts
and graphs were used for data presentation. Numeric
data which are normally distributed such as gestational
age and birth weight were summarized using the mean
and standard deviation, while data that are not normally
distributed such as haem oxygenase-1 was presented
using median and interquartile range. Continuous
variables between the two groups were compared using
the independent student t test when normally distributed
while mann-whitney u test was used for comparison
when skewed. Kruskal wallis was used in comparing

median haem oxygenase-1 in more than two groups.
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Categorical variables were compared using the chi
square test. Linear correlation between numeric
variables was carried out using spearman correlation.
The level of statistical significance was set atp < 0.05.
Results

The socio-demographic characteristics of participants
were similar in both groups as shown in table 1.the mean
age was 30.38+4.5 years and 29.86+4.4 years in cases
and control respectively (p=0.363). Majority (92.5%) of
them were married. The difference in the booking status
of the participants was significant with p<0.001.
Nulliparous women constituted a larger proportion
110(45.8%) of the women studied but the difference in
parity between the groups was not significant (p=0.280).
tables 3 and 4 showed the comparison of median ho-1
levels among the groups. There was no significant
difference in the median levels of ho-1 in all pre-
eclampsia [3.23 (3.0 — 3.5) ng/ml] and normotensive
pregnancies [2.88 (2.2 — 3.3) ng/ml], p>0.05. Median
levels of ho-1was however significantly higher in severe
pre-eclampsia [4.43 (4.0 — 4.6) ng/ml] compared to mild
pre-eclampsia [2.80 (2.3 — 3.2) ng/ml] p<0.05. There
was a positive correlation between serum ho-1 levels and
mean arterial blood pressure in severe pre-eclampsia as
depicted in fig.1. Fig 2 however showed a negative
correlation between serum ho-1 levels and gestational
age at delivery. Birth weight and apgar scores at 1 and 5
minutes were significantly lower in participants with
severe pre-eclampsia compared to mild form (p<0.001)
as shown in table 5. Participants with pre-eclampsia
have significantly higher proportion 9(7.5%) of maternal
(p<0.001), the

commonest complication in pre-eclamptic patients being

complications compared to control

help syndrome.

©2023, IJIMACR

Table 1: Sociodemographic characteristics of participants

Pre-eclampsia Normal pregnancy Total X2 p-value
(n=120) (n=120)
Age group (Years)
21-25 21(17.5) 21(17.5) 42(17.5) 0.000 1.000
26-30 47(39.2) 47(39.2) 94(39.2)
31-35 33(27.5) 33(27.5) 66(27.5)
=36 19(15.8) 19(15.8) 38(15.8)
Mean = SD 30.38=4.5 29.86+4.4 0.911%* 0.363
Marital status
Married 109(90.8) 113(94.2) 222(92.5) 0961 0.327
Single 11(9.2) 7(5.8) 18(7.5)
Parity
Nulliparous 61(50.8) 49(40.8) 110(45.8) 2.546 0.280
Primiparous 40(33.3) 46(38.3) 86(35.8)
Multiparous 19(15.8) 2(20.8) 44(18.3)
#**Independent student t test
Table 2: Pre-eclampsia characteristics among participants
Variable Frequency (=120) Percentage
Severity of pre-eclampsia
Mild 57 475
Severe 63 52.5
G i 1 age at di is of pr
Early gestational age (<34) 36 30.0
Late gestational age (>34) 84 70.0
Table 3: Median comparison of Haem oxygenase 1 in all pri ia vs nor ive pr
Median (Q1-Q3) U-value p-value
Group
Pre-eclampsia 3.23(3.0-3.5) 1.930 0.053
Normal pregnancy 2.80(2.2-3.3)
U-Mann-Whitney U-value
Table 4: Median comparison of Haem oxygenase-1 in all the groups
Median (Q1-Q3) K-value p-value
Group
Normal pregnancy 2.88(2.2-3.3)
Mild Pre-eclampsia 2.80(2.3-3.2) 10.381 0.035
Severe Pre-eclampsia 4.43 (4.0-4.6)
K-Kruskal Wallis test
Table 5: Foetal outcomes according to severity of Pre-eclampsia
Mild (n=57) Severe (n=63) t-value  p-value
Gestational age at delivery 36.35+12 35.25+2.6 2.576 0.011
APGAR score at 1 minutes 7.43+1.6 5.36+1.2 2.049 0.037*
APGAR score at 5 minutes 8.40+1.2 6.73£2.1 4433 0.008*
Birth weight at delivery (Kg) 2.59+0.6 2.06+0.8 3.013 0.003*

*p value significant
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Table 6:

"

Maternal ication among partici

Pre-eclampsia Normal pregnancy  Total

(n=120) (n=120)

X2

p-value

Maternal complication

Present

Absent

9(7.5) 2(1.7) 11(4.6)

111(92.5) 118(98.3) 220(95.4)

4.669

0.031*

Type of maternal n=9 n=2

complication

HELLP
AKI
Eclampsia

DIC

Pulmonary Edgma 1 0 1

Post-partum haemorrhage 0 2 2

2.394

1.954

0.542

0.542

0.542

0.954

0.031

0.058

0.495

0.495

0.495

0.091

©2023,
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Fig 2: Correlation between gestational age at
delivery and haem oxygenase 1
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Discussion

This study did not show any significant difference with
respect to the socio-demographic characteristics of the
patients with pre-eclampsia and controls. The percentage
of pregnant women diagnosed with pre-eclampsia who
did not receive routine antenatal care was significantly
their This

observation was similar to that documented by other

more than normotensive counterparts.
authors in studies assessing the risk factors for pre-
eclampsia.’851920

The median serum level of ho-1 in this study was within
the reference range documented for normal pregnancy
[3.04ng/ml (2.41-4.39)]*8 in both cases and controls. It
was observed that there was no significant difference in
of ho-1
[2.80ng/ml (2.3 — 3.2)] and normotensive controls
[2.88ng/ml (2.2 — 3.3)]. This finding agrees with that

reported by sand rim et.al. That ho-1 expression though

the serum level in mild pre-eclampsia

increased in pregnancy compared to the non-pregnant,
remains within normal range throughout the period of
pregnancy.?t?? the increase of ho-1 from the non-
pregnant state(1.69ng/ml)? was thought to be due to its
induction by the oxidative stress that accompanies the
process of the pregnancy and immunology of
placentation.’82* the absence of a recognized difference
may be because the mechanism that leads to the release
of the vasoactive substance and reactive oxygen species
implicated in the pathogenesis of pre-eclampsia may not
have developed in mild cases.'™# this may also explain
why the foeto-maternal outcome in mild pre-eclampsia
is similar to that of normotensive controls. The finding
in this study however, differed from that documented by
some other authors who found a reduction in ho-1 levels
especially in severe pre-eclampsia. The difference may
from the difference in

result tissue/samples
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anaIySEd.l’lo'ZG’ 27,28,29

Although the median serum levels of ho-1 were
comparable between normotensive and those with mild
pre-eclampsia in this study, levels in those with severe
pre-eclampsia was significantly higher [4.43ng/ml (4.0 —
4.6)].this was similar to the findings by eide et al who
documented an increase in ho-1 level in both the
decidual and serum of patients with severe pre-eclampsia
but normal wvalues in mild pre-eclampsia and
normotensives.*from figure 1, the levels of serum ho-1
were higher in mothers whose babies were delivered
earlier than 34weeks compared to later and the
difference was significant at p value = 0.030. Similar
observation was documented by wantania et. Al in bali
where higher levels of serum ho-1 were observed with
delivery at gestation age<34weeks compared with
>34weeks.wantania et al also found elevated serum ho-1
levels in cases with severe pre-eclampsia compared to
those with mild pre-eclampsia and healthy pregnant
women as documented in our current study. Pre-
eclampsia is associated with increased oxidative stress
which is not localized to the placenta but disseminated in
the maternal circulation, and it is a component of the
systemic inflammatory response.®! the mechanism is
such that enzyme ho-1 is rapidly up-regulated by
oxidative stress and induction of ho-1 may protect cells
by catalyzing pro-oxidant metalloporphyrin’s, such as
haem, to bile pigments (biliverdin, bilirubin) with free
radical scavenging capabilities and anti-oxidant
properties.®%vitoratos et al in a hospital based study in
greece also observed that severe pre-eclampsia group
had significantly higher serum ho-1 levels antepartum
compared to the mild pre-eclampsia and normotensive
groups (5.50+1.54 vs. 3.04+0.72 ng/ml, p=0.0003, and

5.50+1.54 vs. 3.12+1.57 ng/ml, p=0.002, respectively).

©2023, IJIMACR

They also reported that there was a rapid reduction in
serum ho-1 postpartum to normal levels in normal
pregnancy compared to the pre-eclamptics.®® this
suggests that chronic oxidative stress may be involved in
the pathogenesis of severe pre-eclampsia and subsequent
endothelial dysfunction observed later in those affected
by it.?

A positive correlation between severity of pre-eclampsia
by mean arterial pressure (map) and serum level of ho-1
was observed in this study. This is in agreement with a
similar study by vitoratos and colleagues. They observed
that ho-1 was positively correlated with mean arterial
pressure in pre-eclampsia.®? granger and George in their
systematic review of several articles on ho-1 studies
acknowledged that serum ho-1 rises with increasing
mean arterial pressure in severe pre-eclampsia.’*!® eide
et al. Also found a similar parallel correlation between
serum hol levels and mean blood pressure in pre-
eclampsia cases.*® although in our study, levels of serum
ho-1 correlated positively with mean blood pressure
among cases of severe pre-eclampsia, we failed to
demonstrate such a significant correlation in mild pre-
eclampsia and control groups. Venditte et al found a
negative correlation in their own study.?’

Additionally, it was observed in this study that higher
levels of ho-1 were associated with earlier gestational
age in patients with pre-eclampsia. This negative
correlation shows the possibilities of overwhelming
oxidative stress in severe pre-eclampsia leading to
decision to deliver the baby early since the pathology
may progress and ultimately lead to foeto-maternal
complications. In general, foeto-maternal outcome vis-a-
vis mode of delivery, apgar scores, birth weight, nicu
admission and perinatal death were better in controls

than cases.
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Conclusion

This study showed that there was no significant
statistical difference in the serum levels of ho-1 enzyme
in all who hadpre-eclampsia and normotensive
pregnancies, it however demonstrated higher serum
levels of haem oxygenase-1 enzyme in severe pre-
eclampsia compared to mild pre-eclampsia and
normotensive pregnancies. It also showed a positive
correlation between ho-1 levels and severity of pre-
eclampsia.

Limitation of this study

Measurements of ho-1 levels were performed only once
during pregnancy. Repeated measurements on weekly
or monthly basis in a cohort study, preferably starting
before pre-eclampsia develops may allow a better
assessment of the temporal changes and may explain
the interaction further. Secondly, the exclusion of pre-
eclamptic within the gestational ages 20 to 27 weeks
might have affected the outcome and conclusion.
Recommendation

This was a cross-sectional study that identified serum
ho-1 as a possible marker of severity for pre-
eclampsia. Its serial measurement may be employed

in monitoring patients especially when they present

as mild disease, thereby giving a clue to when they
become severe as ho-1 levels increase and
preparation made for delivery. This may help achieve
a modest increase in gestational age. Further clinical
studies with larger number of patients and serial
measurements during the course of the gestation are
necessary to evaluate the exact role of ho-1 in both
healthy pregnancies and those complicated by pre-

eclampsia.

©2023, IJIMACR
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