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Abstract
Introduction: The neurosteroid allopregnanolone modulates oxytocin expression in 
the brain, and its effects arise from its action on the GABAA receptor. Whether neu-
rosteroid levels and the function of the GABAA receptor are involved in the risk of 
preterm labour in pregnant women is unknown.
Methods: Pregnant women with (n  =  16) or without (n  =  20) threatened preterm 
labour (TPL) in gestational week 33 + 6 days to 37 + 0 days were studied prospec-
tively with procedures including foetal heart rate monitoring, vaginal examination,  
ultrasound examination and blood tests to determine allopregnanolone, progester-
one and oxytocin levels. The GABAA receptor function in both groups was measured 
with a saccadic eye velocity test (SEVT).
Results: Plasma oxytocin levels were higher in the TPL group than in the control 
group (41.5 vs. 37.0 pmol/L, respectively, p = .021). Although the allopregnanolone 
and progesterone levels in both groups did not differ, there was a negative associa-
tion between blood oxytocin and allopregnanolone (as predictor) levels in the TPL 
group (B: −3.2, 95% confidence interval (CI): −5.5 to −0.9, p  =  .012). As a predic-
tor of TPL, progesterone was associated with cervix maturity (odds ratio: 1.02, 95% 
CI: 1.00–1.04, p =  .038). SEVT showed that the women in both groups had similar 
GABAA receptor functions. In both groups, body mass index correlated with peak  
saccadic eye velocity (r  =  .34, p  =  .044) and negatively with allopregnanolone  
(r = −.41, p = .013).
Conclusions: Neurosteroid levels were unchanged in the peripheral blood of women 
with TPL, despite the increase in available oxytocin. Although the function of the 
GABAA receptor was unchanged in women with TPL, to ensure reliable results,  
saccadic eye velocity should be investigated during a challenge test with a GABAA 
receptor agonist.
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1  | BACKGROUND

Preterm birth, defined as birth before 37 weeks of gestation, is a 
significant public health problem. It affects 5%–18% of pregnancies 
(5%–6% in Sweden) and is the leading cause of neonatal mortality, as 
well as serious neonatal morbidity.1,2

Two-thirds of preterm births occur after the spontaneous onset 
of labour.3 The parturition process depends on the mechanism 
by which a quiescent myometrium enters a contractile state and 
is accompanied by a shift in signalling from anti-inflammatory to 
pro-inflammatory pathways.4 Early animal studies have shown that 
the uterine myometrium is held in a state of quiescence by proges-
terone and that normal labour is initiated by a fall in progesterone 
levels.5 Several subsequent studies, although conflicting, have as-
sessed the efficacy of progesterone in preventing uterine contrac-
tions and preterm delivery,6 and it is now widely recognized that 
progesterone plays a major role in maintaining uterine quiescence 
in human pregnancy.7 During human pregnancy, progesterone con-
centrations gradually increase to maintain uterine quiescence and 
prevent abortion or premature labour,8 but this is also accompa-
nied by increasing levels of the neurosteroid allopregnanolone, a 
metabolite of progesterone9,10 (Figure 1). In the serum and umbil-
ical cord, progesterone concentrations are higher during normal, 
spontaneous or oxytocin-induced delivery, compared with those in 
oxytocin-resistant dystocia and in pregnant women whose delivery 
has not yet started.11 These inconsistent results have prompting 
further studies of the onset and effectiveness of the normal deliv-
ery progress.

Oxytocin is a peptide hormone normally produced in the hypo-
thalamus and released by the posterior pituitary.12 It plays an im-
portant role in promoting uterine contractions during parturition 
and in stimulating the ejection of milk during lactation. Oxytocin and 
allopregnanolone are both secreted in response to stress,13 but the 
premature activation of oxytocin secretion by stressors in late preg-
nancy is hindered by the activation of a central endogenous opioid 
mechanism.14 For example, acute morphine treatment inhibits the 

oxytocin release stimulated by parturition,15 and when the actions 
of endogenous opioids are antagonized with naloxone, the oxyto-
cin response to the immune stressor interleukin-1β is potentiated.14 
When the pregnancy levels of progesterone were simulated in vir-
gin rats, opioid inhibition of the oxytocin response to stress was in-
duced.16 These activities may be attributed to increased production 
of the neurosteroid allopregnanolone, which is abundant in the brain 
during late pregnancy and reduces stress-induced hypothalamus-pi-
tuitary-adrenal axis activity.9,17 Allopregnanolone is produced from 
progesterone by the sequential action of the enzymes 5α-reductase 
and 3α-hydroxysteroid dehydrogenase, and in late pregnancy, the 
amounts of both enzymes increase in brain regions known to be 
critical in regulating the oxytocin responses to stress.17,18 Changes 
in serum allopregnanolone levels in healthy women are not fully 
dependent on variations in progesterone.19 Several studies have 
shown that the neurosteroid allopregnanolone modulates oxytocin 
expression in the brain and induces the endogenous opioid-induced 
inhibition of the oxytocin responses.20,21 However, the mechanism 
by which allopregnanolone induces inhibitory opioid tone is still 
unclear, although it may involve an interaction with the GABAA 
receptor. Allopregnanolone acts as an allosteric modulator of the 
GABAA receptor and regulates oxytocin gene expression in late 
pregnancy.20,22 When allopregnanolone acts centrally, it induces 
an inhibitory opioid mechanism that maintains the quiescence of 
the magnocellular oxytocin system. Morphine increases the dura-
tion of gestation and reduces the rate of preterm delivery in rats.23 
Moreover, blocking allopregnanolone production in late pregnancy 
leads to preterm labour in rats.24

To our knowledge, the GABAA receptor functions in pregnant 
women with threatened preterm labour (TPL) have not been inves-
tigated. We hypothesize that the effect of allopregnanolone via its 
action on the GABAA receptor is diminished in women with TPL. In 
this study, we investigated whether circulating levels of progester-
one, allopregnanolone and oxytocin differ between women with 
preterm labour and women with an intact, ongoing pregnancy. We 
also examined whether the GABAA receptor function, measured 

F I G U R E  1  Allopregnanolone synthesis 
pathway. 3βHSD, 3beta-hydroxysteroid 
dehydrogenase
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with oculography, differs between women who experience preterm 
labour and women with an intact pregnancy.

2  | METHODS

Pregnant women with threatened spontaneous preterm labour 
(patient group) were recruited through the maternity unit at the 
Department of Obstetrics and Gynaecology, Sundsvall County 
Hospital, Sundsvall, Sweden. The same number of pregnant women 
with normal, intact pregnancies (control group) was recruited by ad-
vertising among outpatients at the Department of Obstetrics and 
Gynaecology, Sundsvall County Hospital, and the antenatal care 
units in Västernorrland County, Sweden.

2.1 | Inclusion and exclusion criteria

Pregnant women (n = 20) aged 18-40 years with TPL in gestational 
week 33 + 6 days to 37 + 0 days were included in this study. The 
control group (n = 20) included healthy women with normal, ongoing 
pregnancies, who were matched for gestational week at inclusion. 
Preterm labour was defined as labour occurring spontaneously with 
no obvious cause before gestational week 37 + 0 days. TPL was con-
sidered to be established when regular uterine contractions, usually 
monitored with cardiotocography (CTG), occurred every 3–4  min 
(duration  >  30  s), accompanied by progressive changes in any pa-
rameter of the uterine cervix (ie Bishop score) over time.

Women with TPL and a pathological CTG pattern, multiple preg-
nancies, antepartum haemorrhage, polyhydramniosis, uterine ab-
normality, congenital foetal abnormality, pre-eclampsia, diabetes, 
hypertension, intrauterine growth retardation, premature rupture 
of membranes, overt maternal infection or active labour (ie ongoing 
birth) were excluded. Women were also excluded for the following 
reasons: abnormal eye function, treatment with psychoactive drugs 
during pregnancy, known psychiatric and/or premenstrual dysphoric 
disorder before pregnancy, or a history of alcohol and/or drug abuse.

2.2 | Study design

The screening phase of the study was commenced after the patient 
had given her written informed consent to participate in the study. 
Women in the study group were treated for TPL in accordance 
with the clinical routines of the maternity unit, which stated that 
patients at gestational week 33 + 6 days or more were not treated 
with continued tocolysis, but could receive a single or repeated 
dose of terbutaline (Bricanyl, 0.25 mg; AstraZeneca AB, Sodertälje) 
by subcutaneous injection after assessment by an obstetrician. 
Corticosteroid treatment for foetal lung maturation was not consid-
ered necessary in this group. Women going into labour were not in-
cluded in the study for practical reasons. Active labour was defined 
as regular uterine contractions (≥3 in 10 min, lasting for at least 60 s) 

together with full effacement (in nulliparous women) and/or cervical 
dilatation > 3 cm. In patients with an ongoing delivery, the saccadic 
eye velocity test (SEVT) could not be completed and blood samples 
could not be taken because of other necessary medical treatments 
(antibiotics, tocolytic agents, etc), so they were excluded from the 
study and treated in accordance with the clinical routines in the  
delivery ward.

In the study group patients, who had not gone into labour, the 
study procedures included a CTG test (at least 45 min), a speculum 
examination to detect any bleeding or early membrane rupture, a 
vaginal examination to determine any cervical changes and an ultra-
sound examination to assess cervical length, any maternal or foetal 
anatomic abnormalities, foetal presentation, amniotic fluid volume 
(single deepest pocket), deviation in foetal weight from reference 
range estimated by ultrasonography and foetal weight at birth. 
Routine blood parameters (blood count, C-reactive protein [CRP], 
creatinine, alanine aminotransferase [ALT]), bodyweight and height 
were also measured.

The measurement of saccadic eye velocity (SEV) with oculog-
raphy is an objective and sensitive way to assess the sensitivity 
of the GABAA receptor. A saccade is a rapid, jumping movement 
of the eye from one fixation point to another. Maximal SEV varies 
between subjects,25,26 but is stable within subjects, both within a 
testing period and between tests. Once a saccade has started, it is 
outside conscious control and is not subject to motivational influ-
ences.25–29 SEV is reduced in a dose-dependent manner by posi-
tive modulators of the GABAA receptor, such as benzodiazepines, 
allopregnanolone and alcohol.25,30–34 After the initial examination 
and evaluation, the study patients underwent SEVT. To avoid in-
terference by circadian variations in allopregnanolone levels, all 
subjects were tested at the same time of day (the morning after 
inclusion, at latest). At the beginning of the test, a venous blood 
sample was drawn to determine the baseline serum concentrations 
of oxytocin, progesterone and allopregnanolone. GABAA receptor 
function was measured with SEV (rapid eye movement when the 
gaze direction is changed), using a saccadometer (Saccadometer 
Plus, Ober Consulting Sp z o.o.). During testing, after 30-min rest, 
the patient sat in a stable chair with her head fixed in a headrest. 
The same specialist physician performed the measurements in all 
patients. Direct infrared photo-oculography was used with visual 
stimuli 20° apart horizontally. At each time point, data were col-
lected from 30 saccades. The saccade data used for the analysis 
fulfilled the following pre-specified criteria: were not rejected by 
the automatic validation function and had an amplitude of 15°-25°, 
duration of <150 ms and latency of >50 ms Data from time points 
with less than 15 evaluable saccades were regarded as missing. 
The median SEV at each time point was used for the data anal-
ysis. The calculated parameters were latency and peak velocity. 
The relationship between saccade size and peak velocity is im-
portant because it remains constant, even when voluntary control 
of the saccade is attempted. Each saccade was analysed to de-
termine the peak velocity and latency from the target movement 
to the onset of the saccade, where reduced peak velocity and 
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increased latency were expected to be induced by allopregnano-
lone. Saccade velocity is mainly a measurement of central nervous 
system (CNS) depression, and the latency between target presen-
tation and the onset of movement of a saccade has been widely 
used to understand the cortical and subcortical aspects of saccade 
programming.35,36 In this study, saccades and peak velocities with 
amplitudes of 20° were used for the subsequent analysis.

The study was performed in accordance with ethical principles 
that had their origin in the Declaration of Helsinki, and was approved 
(Dnr: 2015/248-31) by the Regional Ethical Review Board of Umeå, 
Sweden.

2.3 | Analysis of blood samples

All blood samples were analysed at the same time to reduce the ef-
fect of inter-assay variability. Allopregnanolone levels were meas-
ured as previously described.34 Briefly, blood samples (0.4 ml) were 
extracted with diethyl ether (Merck KGaA), and allopregnanolone 
was separated from the other cross-reacting steroids by celite 
column chromatography. Allopregnanolone levels (nmol/L) were 
measured with a radioimmunoassay (RIA) with rabbit polyclonal 
antiserum raised against 3α-hydroxy-20-oxo-5α-pregnan-11-yl-
carboxymethyl-ether coupled to bovine serum albumin. The sensi-
tivity of the assay was 25 pg. The intra- and inter-assay coefficients 
of variation (CVs) were 6.5% and 8.5%, respectively.

Progesterone levels (nmol/L) were measured with an automatic 
immuno-analyser (Cobas 8000 Module, e602; Roche Diagnostics) 
at the medical laboratory of Norrland's University Hospital, Umeå, 
Sweden. The total assay variation was 2.2% (inter- and intra-assay 
CVs were 1.62% and 1.54%, respectively).

The oxytocin plasma levels (pmol/L) were analysed with a RIA 
at the Clinical Neurochemistry Laboratory, Sahlgrenska University 
Hospital, Mölndal, Sweden. Plasma (1000 µl) was centrifuged after 
it was mixed with 1 mol/L HCl (100 µl), extracted with the standard 
protocol for Oasis HLB 1cc (30 mg) Extraction Cartridges (Waters), 
evaporated and redissolved in assay buffer (250 µl; 0.1% bovine 
serum albumin, 0.005% Tween 80 in phosphate-buffered saline, pH 
7.6). The RIA was performed with duplicates of the calibrators, con-
trols and samples. The calibrators, controls and samples (all 100 µl) 
were incubated with 50 µl of oxytocin-directed antiserum at a final 
dilution of 1:28,000 in assay buffer at 21°C for 24 h. A second incu-
bation in the same manner was performed after the addition of 50 
µl of 125I-oxytocin (10,000 cpm) in assay buffer. The free tracer and 
bound tracer were separated by the addition of 100 µL of anti-rab-
bit IgG antibody (AA-Sac1, IDS), incubation at room temperature for 
30 min, the addition of 1 ml of deionized water and centrifugation 
(2500 g, 21°C, 5 min). The supernatant was discarded and the pre-
cipitate measured with a gamma counter (1470 Wizard TM Wallac). 
The intra-assay CV for the control was 14% at 12 pmol/L oxytocin, 
8% at 31 pmol/L oxytocin and 10% at 60 pmol/L oxytocin. The in-
ter-assay CV for the control was 15% at 12 pmol/L oxytocin, 12% at 
32 pmol/L oxytocin and 10% at 58 pmol/L oxytocin.

Routine blood tests, including blood count, CRP and ALT, were 
analysed at the medical laboratory of Sundsvall County Hospital. 
The laboratory in Sundsvall is certified by the Swedish Board for 
Accreditation and Conformity Assessment.

2.4 | Statistical analysis

All statistical analyses were performed with SPSS version 25 (IBM). 
Descriptive statistics were used to present the data, which were di-
vided into categorical, ordinal and continuous variables. The normal-
ity of the distribution of the data was tested with the Shapiro–Wilk 
test. Continuous variables were evaluated with the Mann–Whitney 
U test and presented as medians (ranges), whereas categorical and 
ordinal variables were evaluated with the chi-square test. The rela-
tionships between variables were determined by adjusting for con-
founders in a multiple logistic regression analysis. Linear regression 
analyses were performed for continuous variables, presented as un-
standardized B coefficients and 95% confidence intervals (CIs), and 
binary logistic regression analyses were performed for categorical 
variables, presented as odds ratios (ORs), 95% CIs and p values. p 
values of <.05 were considered statistically significant.

2.4.1 | Power analysis

The results of earlier trials indicated that the standard deviation for 
SEVT among test individuals was ±7°/s.34 The least difference in 
SEVT between groups that we wanted to detect was 15°/s, which 
is similar to the results of earlier studies and is considered clinically 
significant. Therefore, if α = .05 and the study power was 90%, the 
required size of the study population was seven test subjects per 
group.

3  | RESULTS

A total of 40 women were enrolled in the study. In the patient group, 
two patients had used psychoactive drugs (a benzodiazepine or a 
selective serotonin re-uptake inhibitor), and in two women, labour 
progressed rapidly and the examinations and blood tests could not 
be completed. Therefore, these women were excluded from the 
study. One patient's blood sample for the progesterone and allo-
pregnanolone tests was haemolysed and could not be analysed, but 
her results for the other study parameters were included in the sta-
tistical analysis. Ultimately, the study group comprised 16 pregnant 
women with TPL and the control group comprised 20 healthy preg-
nant women. All patients were followed prospectively until labour 
commenced.

The baseline characteristics of both groups are shown in Table 1. 
The number of nulliparous and multiparous women in the TPL group 
and the control group did not differ significantly (8/8 and 8/12, re-
spectively, p > .05). In the TPL group, the length of the uterine cervix 
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and pregnancy duration were shorter than in the healthy women of 
the control group (p <  .01 and <.01, respectively). In both groups, 
gestational age at birth was within the normal range (>37 weeks). A 
manual examination and CTG recordings showed that the women in 
the TPL group had more frequent uterine contractions (p =  .0001) 
and more often displayed funnelling of the uterine cervix (p = .001), 
but the proportion of patients with a mature cervix (Bishop 
score > 5) did not differ between the groups. Women with TPL had 
lower blood CRP than healthy pregnant women (p = .016). The two 
patients whose labour progressed rapidly and were excluded from 
the study had similar BMI, age and gestational age as patients in 

the TPL group, but their cervix was mature (Bishop score > 5), and 
uterine contractions did not decline after tocolysis with terbutaline 
injections. Therefore, their blood samples and SEVT data were not 
available.

GABAA receptor function and the sedative effect of allopreg-
nanolone were evaluated with SEVT. The results showed that 
women in both groups had similar GABAA receptor functions be-
cause the saccade latency and peak velocity without external stimu-
lation did not differ between the groups (Table 2).

In contrast, blood analyses showed that the oxytocin levels 
were significantly higher among the women with TPL (p  =  .021), 

TPL group, n = 16 Control group, n = 20
p 
ValueMedian (IQR 1–3) Median (IQR 1–3)

Age (years) 28 27–31.5 27.5 25.3–31 NS

BMI (kg/m2) 29.4 25.62–35.30 29.6 25.3–34.7 NS

Blood pressure 
(mmHg), S/D

120/69 103–132/61–77 120/72 112–129/68–80 NS

Gestational age at 
enrolment (weeks)

35.8 35.3–36.1 35.1 34.3–35.7 NS

Gestational age at 
labour (weeks)

38.6 37.4–40.1 40.4 39.5–41.2 .002

dFW (%) +1 −7.7 to +4.8 +3.8 −6 to +9.4 NS

Amnion water—sDVP 
(mm)

49 42.8–59.5 53.5 50–67.8 NS

cervical length (cm) 22.5 18–29.5 33 26.3–38.3 .002

Foetal weight (g) 3519 3099–3829 3731 3326–3848 NS

Haemoglobin (g/L) 127.5 115.3–139 121 118–128.3 NS

White blood cells 
(109/L)

10.5 8.4–13 9 7.6–11.3 NS

CRP (mg/L) 4 2–17 2 0.8–4.5 .016

Creatinine (µmol/L) 52 48–55.8 45.5 41.3–52 NS

ALT (µKat/L) 0.20 0.14–0.30 0.21 0.16–0.30 NS

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index (kg/m2); CRP, C-reactive 
protein; dFW, deviations in foetal weight from reference range estimated by ultrasonography; IQR, 
interquartile range; NS, non-significant; S/D, systolic/diastolic; sDVP, single vertical pocket; W, 
week.

TA B L E  1  Baseline characteristics of 
women with threatened premature labour 
(TPL) and controls

TPL group Control group
p 
ValueMedian IQR (1–3) Median IQR (1–3)

Latency (SEVT) (ms) 164 151–175.5 166.5 158.5–183.5 NS

Peak velocity (SEVT) 
(degree/s)

527.3 485.6–578.4 551 484.3–647.5 NS

Oxytocin (pmol/L) 41.5 38.3–58.8 37 27.5–45.5 .021

Progesterone 
(nmol/L)

513 341–681 430 385–536 NS

Allopregnanolone 
(nmol/L)

49.3 41.5–70 47 38–64 NS

Allopregnanolone/
progesterone (ratio)

0.11 0.09–0.13 0.10 0.8–0.13 NS

Abbreviations: IQR: interquartile range; NS, non-significant; SEVT, saccadic eye velocity test.

TA B L E  2  Hormone levels and saccadic 
eye velocity in women with threatened 
preterm labour and controls



6 of 9  |     TURKMEN et al.

although the allopregnanolone and progesterone levels did not dif-
fer between the groups. The rate of allopregnanolone conversion 
from progesterone in the blood, evaluated as the allopregnanolone/
progesterone ratio, also did not differ between the groups (Table 2).

The proportion of caesarean deliveries was significantly higher in 
the TPL group than in the control group (86% vs. 14%, respectively, 
p = .01), and a regression analysis showed that threatened premature 
delivery was an independent risk factor for caesarean section (OR: 
11.4, 95% CI: 1.20–108, p = .034). As expected, the oxytocin levels 
in the blood were associated with preterm labour (OR: 1.09, 95% 
CI: 1.01–1.2, p  =  .025), whereas the blood levels of progesterone 
and allopregnanolone were not associated with premature labour. 
Interestingly, in the TPL group, there was a negative association be-
tween blood oxytocin and allopregnanolone (as predictor) levels (B: 
−3.2, 95% CI: −5.5 to −0.9, p = .012). Oxytocin was positively associ-
ated with progesterone (B: 0.353, 95% CI: 0.089–0.617, p = .013) and 
the allopregnanolone/progesterone ratio (B: 1.4, 95% CI: 0.12–2.6, 
p = .034), but these associations were not seen in the control group.

When the data were pooled, the overall serum allopregnanolone 
levels showed a linear correlation with serum progesterone (r = .588, 
p = .001) and patients’ body mass index (BMI; r = −.414, p = .013). 
BMI as a predictor was associated with lower serum levels of allo-
pregnanolone (B: −0.398, 95% CI: −2.53 to −0.256, p  =  .018), but 
surprisingly, BMI did not correlate with progesterone. There were 
positive correlations between BMI and oxytocin (r = .48, P = .034) 
and between allopregnanolone and progesterone serum levels 
(r = .50, P = .024) in the control group only, and these correlations 
were not seen in the TPL group. However, progesterone as a pre-
dictor was associated with the maturity of the cervix (Bishop score; 
OR: 1.02, 95% CI: 1.00–1.04, p = .038) and with a cervical funnelling 
sign on ultrasound (OR: 1.01, 95% CI: 1.00–1.02, p = .017). Neither 
allopregnanolone nor oxytocin blood levels were related to cervical 
maturity, but the association between cervical maturity and oxyto-
cin was close to being significant (p = .053).

In both groups, when the data were pooled, BMI correlated with 
the saccade peak velocity (r = .34, p = .044; Figure 2) and negatively 
with allopregnanolone (r = −.41, p = .013) and the allopregnanolone/
progesterone ratio (r = −.35, p = .042). There were also correlations 
between allopregnanolone and progesterone (r = .59, p < .001) and 
between allopregnanolone and the allopregnanolone/progesterone 
ratio (r = .64, p < .001).

However, when the groups were analysed separately, the sac-
cadic peak velocity correlated with the patients’ BMI only in the 
control group (r =  .57, p =  .009). In women with TPL, the saccadic 
peak velocity correlated negatively with the cervical length, mea-
sured with ultrasound (r = −.56, p = .025). In both groups, there was a 
correlation between the serum concentrations of allopregnanolone 
and progesterone (r = .73, p = .002 for the TPL group; and r = .50, 
p = .024 for the control group). However, the allopregnanolone level 
was only correlated with the allopregnanolone/progesterone ratio in 
the control group (r = .85, p < .001).

4  | DISCUSSION

In this study, we investigated the involvement of the GABA-active 
neurosteroid allopregnanolone and oxytocin in the mechanism un-
derlying TPL.

Our main findings were that women with TPL had higher oxytocin 
levels in the blood than the control group, whereas their blood levels 
of allopregnanolone and progesterone were similar. The mean mater-
nal plasma oxytocin level rises gradually in pregnancy towards term, 
and according to an earlier study, reaches approximately 12.5 µU/
ml (~20.1 pmol/L) at term but prior to labour contractions. However, 
in normal spontaneous labour, no obvious relationship has been ob-
served between the plasma oxytocin levels and uterine contractions,37 
and blood oxytocin levels vary during different stages of labour.38 In 
rats, premature stimulation by oxytocin secretion can lead to preterm 

F I G U R E  2   Relationship between SEVT 
and BMI in the threatened premature 
labour (TPL) and control groups. Linear 
regression analysis with fit line at total 
when data were pooled
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labour, and oxytocin secretion is inhibited by the activation of a central 
endogenous opioid mechanism in late pregnancy.39 In the CNS, allo-
pregnanolone is thought to inhibit the excitation of the oxytocin neu-
rons by inducing an inhibitory opioid mechanism.21 Allopregnanolone 
can be synthesized de novo in the brain, independently of the adrenal 
glands, placenta and gonads,40 and the concentration of allopregnano-
lone in the brain can be altered independently under different phys-
iological conditions.41,42 Allopregnanolone levels correlate with state 
anxiety during pregnancy, and a reduction in serum allopregnanolone 
in response to laboratory stressors during the second trimester of 
human pregnancy has been reported in a pilot study.43,44 Potentially 
stressful conditions during blood sampling, like preterm contractions, 
could have affected the variations in plasma allopregnanolone and 
concealed group differences.

The inhibition of oxytocin synthesis by allopregnanolone only oc-
curs in the CNS, and the peripheral blood levels of this neurosteroid 
may not reflect regional differences in allopregnanolone levels within 
the brain. Our results show that there was a negative association be-
tween the peripheral blood levels of allopregnanolone and oxytocin 
insofar as when allopregnanolone increased, it reduced blood oxyto-
cin levels. This could indicate that this neurosteroid is, in fact, involved 
in oxytocin synthesis. We may not have observed the same results in 
the control group because in the control group, the induction of oxy-
tocin secretion was already physiologically inhibited. We speculate 
that in normal women, there is a stable equilibrium in the brain that 
controls oxytocin inhibition through the combined effects of allopreg-
nanolone and the opioid system. However, in women with TPL, this 
balance is probably compromised, with the consequence that oxyto-
cin concentrations are increased in the blood.

In rats, the administration of a GABAA receptor antagonist and the 
consequent blockage of allopregnanolone synthesis stimulate oxytocin 
secretion.9,45 However, it is as yet unclear whether the allopregnano-
lone-induced inhibitory opioid mechanism is mediated by the GABAA 
receptor in women. The novelty of this study was using a functional 
test of the GABAA receptor to investigate whether increased oxytocin 
blood levels are caused by the reduced central effect of allopregnano-
lone. Allopregnanolone acts via the GABAA receptor by non-genomic 
action, and a dysfunction in the GABAergic system may impair the inhi-
bition of oxytocin synthesis by allopregnanolone.46 One method used 
to measure the functional activation of the GABAA receptor is SEVT. 
Once a saccade has begun, it is outside conscious control and is not 
subject to motivational influences. Therefore, SEVT is an objective 
method of measuring the sedative effect of allopregnanolone and other 
GABAergic substances.27,47 However, there was no difference in the 
study parameters saccade latency and peak velocity between the TPL 
and control groups; thus, the GABAA receptor function in patients with 
TPL did not differ from that in the control group.

Although we know from previous studies that the GABAA recep-
tor function can be more accurately investigated when the receptor 
function is provoked by exogenous GABAergic substances,28,29 in 
this study we could not use these substances because they might 
have affected the women during pregnancy, some of whom already 
displayed TPL. The GABAA receptor converts chemical messages 

into electrical signals, but before the neurotransmitter GABA is used 
to stimulate the receptor, only rare brief spontaneous currents are 
present. Therefore, before any conclusions are drawn, the GABAA 
receptor function should be measured after the receptor is stimu-
lated with its ligands.

The saccadic peak velocity correlated negatively with the short-
ening of the uterine cervix. If a shortening of the cervix is a sign of 
impending premature labour and the peak saccadic velocity reflects 
the GABAA receptor function, then it implies that in TPL, the GABAA 
receptor function is downregulated. However, we know that in ad-
dition to an indirect effect on the inhibitory opioid mechanism, allo-
pregnanolone also controls oxytocin synthesis by its direct effect on 
magnocellular oxytocin neurons.48 Within the context of other pos-
sible mechanisms that increase the inhibition of oxytocin secretion, 
such as nitrous oxide and phosphorylation-associated changes in the 
GABAA receptor function,

49,50 the interpretation of our findings be-
comes even more difficult.

Our results suggest that progesterone, but not allopregnanolone, 
affects the maturity of the cervix. Cervical maturation is a key sign in 
preterm labour.51 Previous attempts to clarify the effect of progester-
one on cervical maturation have shown a complex picture, suggesting 
that progesterone is involved in cervix maturation.52,53 In humans, the 
concentration of progesterone in the myometrium during pregnancy 
does not differ in patients with different types of labour (induced 
or spontaneous) or with the contractile activity of the myometrium. 
Therefore, the expression of the myometrial oxytocin receptor in vivo 
does not seem to be related to the progesterone concentration in the 
myometrium.54 An earlier in vitro study showed that progesterone  
reduces the amount of muscular work performed per contraction,  
but that its metabolite, allopregnanolone, does not have the same  
effect and does not seem to inhibit the contractions of the human 
term myometrium. Moreover, none of these substances affect the  
duration of contractions.10 Our results suggest that the peripheral 
blood level of allopregnanolone did not directly affect the cervix in 
premature labour, either in the control group or in the TPL group.

We observed that in the combined groups (TPL + control), the 
patient's saccadic peak velocity correlated with BMI and that blood 
allopregnanolone levels also correlated with the women's BMI 
(Figure 2). In pregnant women, allopregnanolone production contin-
ues to rise until term and may vary depending on several factors, 
including gestational age, as well as BMI.55,56 Allopregnanolone  
affects the saccadic peak velocity57 and BMI, in turn, affects allo-
pregnanolone production, so a relationship between peak velocity 
and BMI should be expected.

There were some limitations to this study. A small sample size 
can compromise a study's capacity to detect clinically relevant dif-
ferences, but in our study, the number of TPL patients was much 
higher than the number calculated with the sample size analysis. The 
method for evaluating the GABAA receptor function was not opti-
mal because the study patients were pregnant, which complicated 
the situation and prevented us activating the GABAA receptor by 
challenge with GABAergic substances. Therefore, the results of this 
study should be confirmed with future studies in which the GABAA 
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receptor function is studied after pharmaceutical challenge. Another 
possible limitation of the study was that none of the patients in the 
study group delivered prematurely, despite uterine contractions. 
Then, the question arises whether both the study group and the con-
trol group represent variants of normal pregnancies with temporary 
contractions in one group. The main purpose in this study, however, 
was to control allopregnanolone levels and GABAA receptor function 
when oxytocin levels were increased in the blood. Although women 
in the study group did not deliver prematurely, they still had contrac-
tions and high oxytocin levels in the blood, and hence differed from 
the control group. Thus, the fact that labour in both groups did not 
progress has probably not affected the study's results.

In conclusion, our study has shown that the levels of the neuro-
steroid allopregnanolone were unchanged in the peripheral blood 
of women with TPL, despite the increase in available oxytocin, but 
an association between allopregnanolone and oxytocin levels may 
suggest a central mechanism in which allopregnanolone controls 
the peripheral oxytocin levels. Although the function of the GABAA  
receptor was the same in women with and without TPL, SEV should 
be investigated during challenge with a receptor agonist to ensure 
reliable results. The physiological mechanisms involved in preterm 
labour are still incompletely understood, and more research is  
required to determine the role of progesterone and its metabolite, 
allopregnanolone, in preterm labour.

ACKNOWLEDG EMENTS
We are particularly grateful to midwife Jenny Jonsson for data col-
lection. This work was supported by Forskning & Utveckling (FOU), 
Region Västernorrland, Sweden.

CONFLIC TS OF INTERE S T
The authors have no conflicts of interest to declare in relation to 
this article.

AUTHOR ' S CONTRIBUTION
ST and YKF led the cohort and participant recruitment. TB and MB 
performed neurosteroid analysis, and ST performed data analysis. 
ST, TB, YKF and MB prepared the manuscript. All authors have ap-
proved the final version of this manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Sahruh Turkmen   https://orcid.org/0000-0002-4367-4959 
Torbjörn Bäckström   https://orcid.org/0000-0002-0907-3535 
Marie Bixo   https://orcid.org/0000-0002-4988-1967 

R E FE R E N C E S
	 1.	 Beck S, Wojdyla D, Say L, et al. The worldwide incidence of preterm 

birth: a systematic review of maternal mortality and morbidity. Bull 
World Health Organ. 2010;88(1):31-38.

	 2.	 South AP, Jones DE, Hall ES, et al. Spatial analysis of preterm birth 
demonstrates opportunities for targeted intervention. Matern Child 
Health J. 2012;16(2):470-478.

	 3.	 Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and 
causes of preterm birth. Lancet. 2008;371(9606):75-84.

	 4.	 Romero R, Espinoza J, Gotsch F, et al. The use of high-dimensional 
biology (genomics, transcriptomics, proteomics, and metabolo-
mics) to understand the preterm parturition syndrome. BJOG. 
2006;113(Suppl 3):118-135.

	 5.	 Csapo A. Progesterone block. Am J Anat. 1956;98(2):273-291.
	 6.	 Goldstein P, Berrier J, Rosen S, Sacks HS, Chalmers TC. A me-

ta-analysis of randomized control trials of progestational agents in 
pregnancy. Br J Obstet Gynaecol. 1989;96(3):265-274.

	 7.	 Jain V, McDonald SD, Mundle WR, Farine D. Guideline no. 398: 
Progesterone for prevention of spontaneous preterm birth. J Obstet 
Gynaecol Can. 2020;42(6):806-812.

	 8.	 Challis JRG. Mechanism of parturition and preterm labor. Obstet 
Gynecol Surv. 2000;55(10):650-660.

	 9.	 Concas A, Mostallino MC, Porcu P, et al. Role of brain allopregnano-
lone in the plasticity of gamma-aminobutyric acid type a receptor 
in rat brain during pregnancy and after delivery. Proc Natl Acad Sci 
USA. 1998;95(22):13284-13289.

	10.	 Lofgren M, Holst J, Backstrom T. Effects in vitro of proges-
terone and two 5 alpha-reduced progestins, 5 alpha-preg-
nane-3,20-dione and 5 alpha-pregnane-3 alpha-ol-20-one, on 
contracting human myometrium at term. Acta Obstet Gynecol Scand. 
1992;71(1):28-33.

	11.	 Lofgren M, Backstrom T. High progesterone is related to effec-
tive human labor. Study of serum progesterone and 5alpha-preg-
nane-3,20-dione in normal and abnormal deliveries. Acta Obstet 
Gynecol Scand. 1997;76(5):423-430.

	12.	 George JM. Immunoreactive vasopressin and oxytocin: con-
centration in individual human hypothalamic nuclei. Science. 
1978;200(4339):342-343.

	13.	 Neumann ID, Toschi N, Ohl F, Torner L, Kromer SA. Maternal de-
fence as an emotional stressor in female rats: correlation of neu-
roendocrine and behavioural parameters and involvement of brain 
oxytocin. Eur J Neurosci. 2001;13(5):1016-1024.

	14.	 Brunton PJ, Sabatier N, Leng G, Russell JA. Suppressed oxy-
tocin neuron responses to immune challenge in late preg-
nant rats: a role for endogenous opioids. Eur J Neurosci. 
2006;23(5):1241-1247.

	15.	 Bicknell RJ, Leng G, Russell JA, Dyer RG, Mansfield S, Zhao BG. 
Hypothalamic opioid mechanisms controlling oxytocin neurones 
during parturition. Brain Res Bull. 1988;20(6):743-749.

	16.	 Douglas AJ, Johnstone H, Brunton P, Russell JA. Sex-steroid in-
duction of endogenous opioid inhibition on oxytocin secretory re-
sponses to stress. J Neuroendocrinol. 2000;12(4):343-350.

	17.	 Brunton PJ, McKay AJ, Ochedalski T, et al. Central opioid inhi-
bition of neuroendocrine stress responses in pregnancy in the 
rat is induced by the neurosteroid allopregnanolone. J Neurosci. 
2009;29(20):6449-6460.

	18.	 Compagnone NA, Mellon SH. Neurosteroids: biosynthesis and 
function of these novel neuromodulators. Front Neuroendocrinol. 
2000;21(1):1-56.

	19.	 Genazzani AR, Petraglia F, Bernardi F, et al. Circulating levels of al-
lopregnanolone in humans: gender, age, and endocrine influences. J 
Clin Endocrinol Metab. 1998;83(6):2099-2103.

	20.	 Blyth BJ, Hauger RL, Purdy RH, Amico JA. The neurosteroid allo-
pregnanolone modulates oxytocin expression in the hypothalamic 
paraventricular nucleus. Am J Physiol Regul Integr Comp Physiol. 
2000;278(3):R684-R691.

	21.	 Brunton PJ, Russell JA, Hirst JJ. Allopregnanolone in the brain: 
Protecting pregnancy and birth outcomes. Prog Neurogibol. 
2014;113:106-136.

https://orcid.org/0000-0002-4367-4959
https://orcid.org/0000-0002-4367-4959
https://orcid.org/0000-0002-0907-3535
https://orcid.org/0000-0002-0907-3535
https://orcid.org/0000-0002-4988-1967
https://orcid.org/0000-0002-4988-1967


     |  9 of 9TURKMEN et al.

	22.	 Herd MB, Belelli D, Lambert JJ. Neurosteroid modulation of 
synaptic and extrasynaptic gaba(a) receptors. Pharmacol Ther. 
2007;116(1):20-34.

	23.	 Javadi-Paydar M, Lesani A, Vakilipour R, et al. Evaluation of the 
tocolytic effect of morphine in a mouse model of lipopolysaccha-
ride-induced preterm delivery: the role of nitric oxide. Eur J Obstet 
Gynecol Reprod Biol. 2009;147(2):166-172.

	24.	 Paris JJ, Brunton PJ, Russell JA, Walf AA, Frye CA. Inhibition of 
5alpha-reductase activity in late pregnancy decreases gesta-
tional length and fecundity and impairs object memory and cen-
tral progestogen milieu of juvenile rat offspring. J Neuroendocrinol. 
2011;23(11):1079-1090.

	25.	 Hommer DW, Matsuo V, Wolkowitz O, et al. Benzodiazepine sensitiv-
ity in normal human subjects. Arch Gen Psychiatry. 1986;43(6):542-551.

	26.	 Sundstrom I, Backstrom T. Citalopram increases pregnanolone 
sensitivity in patients with premenstrual syndrome: an open trial. 
Psychoneuroendocrinology. 1998;23(1):73-88.

	27.	 Gentles W, Thomas EL. Commentary. Effect of benzodiaze-
pines upon saccadic eye movements in man. Clin Pharmacol Ther. 
1971;12(4):563-574.

	28.	 Glue P, White E, Wilson S, Ball DM, Nutt DJ. Pharmacology of 
saccadic eye movements in man. 2. Effects of the alpha 2-adre-
noceptor ligands idazoxan and clonidine. Psychopharmacology. 
1991;105(3):368-373.

	29.	 Roy-Byrne PP, Cowley DS, Greenblatt DJ, Shader RI, Hommer D. 
Reduced benzodiazepine sensitivity in panic disorder. Arch Gen 
Psychiatry. 1990;47(6):534-538.

	30.	 Ball DM, Glue P, Wilson S, Nutt DJ. Pharmacology of saccadic 
eye movements in man. 1. Effects of the benzodiazepine re-
ceptor ligands midazolam and flumazenil. Psychopharmacology. 
1991;105(3):361-367.

	31.	 Nyberg S, Wahlstrom G, Backstrom T, Sundstrom Poromaa I. 
Altered sensitivity to alcohol in the late luteal phase among patients 
with premenstrual dysphoric disorder. Psychoneuroendocrinology. 
2004;29(6):767-777.

	32.	 Sundstrom I, Backstrom T. Patients with premenstrual syndrome 
have decreased saccadic eye velocity compared to control subjects. 
Biol Psychiatry. 1998;44(8):755-764.

	33.	 Sundstrom I, Nyberg S, Backstrom T. Patients with premenstrual 
syndrome have reduced sensitivity to midazolam compared to con-
trol subjects. Neuropsychopharmacology. 1997;17(6):370-381.

	34.	 Timby E, Balgard M, Nyberg S, et al. Pharmacokinetic and behavioral 
effects of allopregnanolone in healthy women. Psychopharmacology. 
2006;186(3):414-424.

	35.	 Baloh RW, Sills AW, Kumley WE, Honrubia V. Quantitative mea-
surement of saccade amplitude, duration, and velocity. Neurology. 
1975;25(11):1065-1070.

	36.	 Griffiths AN, Marshall RW, Richens A. Saccadic eye movement 
analysis as a measure of drug effects on human psychomotor per-
formance. Br J Clin Pharmacol. 1984;18(Suppl 1):73S-82S.

	37.	 Otsuki Y, Yamaji K, Fujita M, Takagi T, Tanizawa O. Serial plasma 
oxytocin levels during pregnancy and labor. Acta Obstet Gynecol 
Scand. 1983;62(1):15-18.

	38.	 Uvnas-Moberg K, Ekstrom-Bergstrom A, Berg M, et al. Maternal 
plasma levels of oxytocin during physiological childbirth – a 
systematic review with implications for uterine contractions 
and central actions of oxytocin. BMC Pregnancy Childbirth. 
2019;19(1):285.

	39.	 Douglas AJ, Neumann I, Meeren HK, et al. Central endogenous 
opioid inhibition of supraoptic oxytocin neurons in pregnant rats. J 
Neurosci. 1995;15(7 Pt 1):5049-5057.

	40.	 Baulieu EE. Neurosteroids: a new function in the brain. Biol Cell. 
1991;71(1-2):3-10.

	41.	 Maguire J. Neuroactive steroids and gabaergic involvement 
in the neuroendocrine dysfunction associated with major 

depressive disorder and postpartum depression. Front Cell 
Neurosci. 2019;13:83.

	42.	 Paul SM, Purdy RH. Neuroactive steroids. FASEB J. 
1992;6(6):2311-2322.

	43.	 Crowley SK, O'Buckley TK, Schiller CE, Stuebe A, Morrow AL, 
Girdler SS. Blunted neuroactive steroid and hpa axis responses 
to stress are associated with reduced sleep quality and neg-
ative affect in pregnancy: a pilot study. Psychopharmacology. 
2016;233(7):1299-1310.

	44.	 Deligiannidis KM, Kroll-Desrosiers AR, Mo S, et al. Peripartum neu-
roactive steroid and gamma-aminobutyric acid profiles in women 
at-risk for postpartum depression. Psychoneuroendocrinology. 
2016;70:98-107.

	45.	 Russell JA, Brunton PJ. Neuroactive steroids attenuate oxy-
tocin stress responses in late pregnancy. Neuroscience. 
2006;138(3):879-889.

	46.	 Turkmen S, Backstrom T, Wahlstrom G, Andreen L, Johansson IM. 
Tolerance to allopregnanolone with focus on the gaba-a receptor. 
Br J Pharmacol. 2011;162(2):311-327.

	47.	 Timby E, Backstrom T, Nyberg S, Stenlund H, Wihlback AN, 
Bixo M. Women with premenstrual dysphoric disorder have 
altered sensitivity to allopregnanolone over the menstrual 
cycle compared to controls-a pilot study. Psychopharmacology. 
2016;233(11):2109-2117.

	48.	 Brunton PJ, Bales J, Russell JA. Allopregnanolone and induction 
of endogenous opioid inhibition of oxytocin responses to immune 
stress in pregnant rats. J Neuroendocrinol. 2012;24(4):690-700.

	49.	 Brussaard AB, Herbison AE. Long-term plasticity of postsynaptic 
gabaa-receptor function in the adult brain: insights from the oxyto-
cin neurone. Trends Neurosci. 2000;23(5):190-195.

	50.	 Srisawat R, Ludwig M, Bull PM, Douglas AJ, Russell JA, Leng G. 
Nitric oxide and the oxytocin system in pregnancy. J Neurosci. 
2000;20(17):6721-6727.

	51.	 Kagan KO, To M, Tsoi E, Nicolaides KH. Preterm birth: the value of 
sonographic measurement of cervical length. BJOG. 2006;113(Suppl 
3):52-56.

	52.	 Carbonne B, Brennand JE, Maria B, Cabrol D, Calder AA. Effects of 
gemeprost and mifepristone on the mechanical properties of the 
cervix prior to first trimester termination of pregnancy. Br J Obstet 
Gynaecol. 1995;102(7):553-558.

	53.	 Garfield RE, Saade G, Buhimschi C, et al. Control and assessment 
of the uterus and cervix during pregnancy and labour. Hum Reprod 
Update. 1998;4(5):673-695.

	54.	 Rezapour M, Backstrom T, Ulmsten U. Myometrial steroid concen-
tration and oxytocin receptor density in parturient women at term. 
Steroids. 1996;61(6):338-344.

	55.	 Hellgren C, Comasco E, Skalkidou A, Sundstrom-Poromaa I. 
Allopregnanolone levels and depressive symptoms during preg-
nancy in relation to single nucleotide polymorphisms in the allo-
pregnanolone synthesis pathway. Horm Behav. 2017;94:106-113.

	56.	 Lundqvist A, Sandstrom H, Backstrom T. The relationship between 
weight gain during pregnancy and allopregnanolone levels: a longi-
tudinal study. Endocr Connect. 2017;6(4):253-259.

	57.	 van Broekhoven F, Backstrom T, Verkes RJ. Oral progesterone de-
creases saccadic eye velocity and increases sedation in women. 
Psychoneuroendocrinology. 2006;31(10):1190-1199.

How to cite this article: Turkmen S, Bäckström T, Kangas 
Flodin Y, Bixo M. Neurosteroid involvement in threatened 
preterm labour. Endocrinol Diab Metab. 2021;4:e00216. https://
doi.org/10.1002/edm2.216

https://doi.org/10.1002/edm2.216
https://doi.org/10.1002/edm2.216

