
u n i ve r s i t y  o f  co pe n h ag e n  

Intrapartum transfer of oxytocin across the human placenta

An ex vivo perfusion experiment

Nathan, Nina Olsen; Hedegaard, Morten; Karlsson, Gosta; Knudsen, Lisbeth E.; Mathiesen,
Line

Published in:
Placenta

DOI:
10.1016/j.placenta.2021.07.289

Publication date:
2021

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY-NC-ND

Citation for published version (APA):
Nathan, N. O., Hedegaard, M., Karlsson, G., Knudsen, L. E., & Mathiesen, L. (2021). Intrapartum transfer of
oxytocin across the human placenta: An ex vivo perfusion experiment. Placenta, 112, 105-110.
https://doi.org/10.1016/j.placenta.2021.07.289

Download date: 23. maj. 2023

https://doi.org/10.1016/j.placenta.2021.07.289
https://curis.ku.dk/portal/da/persons/lisbeth-e-knudsen(53cd3578-ea67-4e7c-a12a-e4db7c0aecd4).html
https://curis.ku.dk/portal/da/persons/line-mathiesen(58ded241-3a44-4af3-af98-85b0d1c106bf).html
https://curis.ku.dk/portal/da/publications/intrapartum-transfer-of-oxytocin-across-the-human-placenta(674c2fe0-99ae-48bf-8f33-e91e4b5bbc50).html
https://curis.ku.dk/portal/da/publications/intrapartum-transfer-of-oxytocin-across-the-human-placenta(674c2fe0-99ae-48bf-8f33-e91e4b5bbc50).html
https://curis.ku.dk/portal/da/publications/intrapartum-transfer-of-oxytocin-across-the-human-placenta(674c2fe0-99ae-48bf-8f33-e91e4b5bbc50).html
https://curis.ku.dk/portal/da/publications/intrapartum-transfer-of-oxytocin-across-the-human-placenta(674c2fe0-99ae-48bf-8f33-e91e4b5bbc50).html
https://doi.org/10.1016/j.placenta.2021.07.289


Placenta 112 (2021) 105–110

Available online 23 July 2021
0143-4004/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Intrapartum transfer of oxytocin across the human placenta: An ex vivo 
perfusion experiment 

Nina Olsén Nathan a,b, Morten Hedegaard b,1, Gösta Karlsson c,d, Lisbeth E. Knudsen e, 
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A B S T R A C T   

Introduction: Investigation of the maternal to fetal transfer of oxytocin across the dually perfused term human 
placenta. 
Methods: Human placentae obtained from term singleton pregnancies were utilized in a dual recirculating model 
of ex vivo placental perfusion. Six placentae from women delivering by elective cesarean at term were perfused, 
one blank and five with the test substance synthetic oxytocin (0.8 ng/mL) (OX) added to the maternal perfusate 
for 180 min. Antipyrine was used as positive control to validate overlap of the maternal and fetal circuits. The 
concentration of OX was determined by radioimmunoassay. 
Results: A fall in maternal concentration of OX was seen throughout the experiment. At 90 min of perfusion a 
state of equilibrium was reached between maternal and fetal concentrations; however after 180 min the fetal 
concentration of OX was higher than that of the maternal. 31 % of the test substance was accounted for at the end 
of the experiment - suggesting OX protein binding and a high degree of oxytocinase activity. 
Discussion: The ex vivo perfusion experiments revealed low transfer of OX to the fetal circuit below physiologi-
cally relevant concentrations.   

1. Introduction 

One of the most common obstetric interventions is augmentation due 
to labor dystocia. In the United States of America this was reported in 
50% of all deliveries [1], while among Danish women this was the case 
in 30%, and more common among nulliparous [2]. Synthetic oxytocin 
(OX) sold under the tradename ®Pitocin or ®Syntocinon, is the drug of 
first choice for augmentation. It is a synthetic nonapeptide that produces 
rhythmic uterine contractions indistinguishable from those observed 
during spontaneous labor and the pharmacodynamics are the same as 
the endogenous hormone [3–5]. When oxytocin is given to augment 
labor by continuous intravenous infusion, it acts rapidly with a latency 
period of less than 1 min [3] while steady-state plasma levels are 
reached after 40 min [6]. 

The efficacy of OX is associated with the potency. The drug is found 
on the Institute for Safe Medication Practice list of high-alert medication 
[7] alongside drugs such as insulin and methotrexate, all classified with 
an increased risk of toxicity. OX also remains the drug most commonly 
associated with preventable adverse events during childbirth [8] often 
due to hyper-stimulation. In obstetric liability claims due to severe 
asphyxia it was estimated that in 71% of the reported cases the drug was 
used improperly [9]. 

Despite the potency of OX there is little evidence on potential direct 
effect on the fetus or neonate. Very few studies have examined a po-
tential long-term effect on the endogenous system. Recent observational 
studies have implied an association between augmentation of labor and 
long-term consequences for the health of the child. One suggested as-
sociation that has received much attention is autism spectrum disorder 
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[10–12]. The association between autism spectrum disorder and 
endogenous oxytocin is well established [13]. Studies have found 
significantly lower oxytocin plasma levels in children with autism 
compared to matched controls [14,15] and a higher degree of methyl-
ation of the oxytocin receptor gene [16]. Even with evidence suggesting 
a dysregulation of the oxytocinergic system in autism, the exact un-
derlying process remains unknown. Still this raises concerns about the 
relationship between oxytocin administered during labor and long-term 
effects on the child. 

In animal studies, long-term effects after exposure to OX have been 
found. One experimental study exposing prairie voles to a single dose of 
OX during the neonatal period documented lifelong changes in behavior 
such as alloparental behavior and pair bonding [17]. However, due to 
the significant interspecies variability of the placenta [18] the impor-
tance of human tissue based models are evident. In humans, the asso-
ciation between oxytocin manipulation in early life and long-term 
effects has primarily been examined through registry studies and thus 
we cannot infer causality. Raising the research question - if in fact fetal 
exposure to OX is responsible for any long-term effects as it remains 
unclear to what degree OX actually passes the placenta [19–22] if 
administered during labor. The objective of our study was to investigate 
the maternal to fetal placental transfer of OX across the human placenta. 

2. Materials and methods 

2.1. Placenta collection and ethics 

Placentae were collected from women undergoing elective 
Caesarean section at Rigshospitalet, Copenhagen University Hospital, 
Denmark. Eligibility criteria were: singleton pregnancy, gestational age 
37–42 weeks, absence of medical conditions affecting normal placental 
development e.g. pre-eclampsia, known congenital malformations or 
acute conditions of the fetus. Potential participants were given a plain 
language summary explaining the purpose, methods, risks and potential 
societal benefits of the research. Written consent was obtained in the 
days prior to the cesarean. The samples were pseudo-anonymized. The 
regional Scientific Ethics Committee of Copenhagen approved the study 
on the March 31, 2015 with j.nr. H-1-2014-022 supplement 47 165. The 
Danish Data Protection Agency approved the study with j.nr. 2015-41- 
4208 on the 25th if September 2015. 

2.2. Placenta perfusion 

A validated dually perfused ex vivo placental perfusion system to 
study maternal to fetal transfer of OX was used in the present study. A 
detailed protocol of the Copenhagen Human Placenta Perfusion model 
(HPPC) is previously published [23] and in short explained below. 

Immediately after delivery, the placentae were nourished with Krebs 
Ringer buffer supplemented with D-glucose (2.62 g/L) and unpreserved 
heparin to prevent clotting, and then transferred to the department 
laboratory within 30 min. Here, placentae were examined visually for 
irregularities in the surface such as infarctions or gross lesions in the 
villous structure and in such cases excluded. Perfusion of the fetal side 
was established by cannulation of a vein-artery pair, supplying a clearly 
defined cotyledon, with neonatal feeding tubes. At this point the coty-
ledon was cut from the rest of the placenta and placed maternal side up 
in the perfusion chamber in a heated flow bench (37 ◦C). Maternal cir-
culation was established by inserting three blunt cannulas into the 
intervillous space of the cotyledon. Peristaltic roller pumps controlled 
both the maternal (flow 9 mL/min) and fetal circulations (flow: 6.0 ±
0.5 mL/min). As a decrease in fetal flow or volume reservoir could 
indicate a leakage this was monitored continuously and only placentae 
staying within the range of fetal volume loss 3 ml/h met the quality 
control of the model. The media used for perfusing the maternal tissue 
during equilibration and during the experiment was RPMI 1640 cell 
medium (Sigma Aldrich Chemie, Steinheim, Germany) supplemented 

with 1 % Penicillin-Streptomycin and physiological levels of human 
serum albumin (HSA) (fetal: 40 mg/ml and maternal: 30 mg/ml HSA 
(20 % solution, product #109697, CSL Behring Gmbh, dialyzed in Krebs 
Ringer)) to account for drug protein binding. 

After an hour of equilibration to re-stabilize the placenta after po-
tential hypoxia, the perfusate in the maternal compartment was 
replaced with fresh cell medium now also containing the test substance 
®Syntocinon (CD Pharma, Stockholm, Sweden) in the concentration 0.8 
ng/mL (794 pmol/L) and the positive control substance Antipyrine at 
100 mg/mL (Sigma Aldrich Chemie, Steinheim, Germany). The OX 
concentration selected reflects the standardized national Danish 
augmentation regime. One blank perfusion with only antipyrene was 
included. The perfusion was continued for 3 h and samples from 
maternal and fetal reservoirs were collected at minutes 0, 2, 5, 10, 15, 
30, 60, 120, 150, 180. Awaiting analysis samples were stored at − 20 ◦C. 
Quality and tissue integrity was ensured by continuously measuring loss 
of fetal media, pH, glucose consumption and lactate production. 
Adjustment of pH was undertaken when necessary. All placentae used to 
produce data in this study have met the pre-defined quality control 
measures [23]. 

2.3. Synthetic oxytocin and antipyrine detection analysis 

The analysis of OX detection and quantification was performed at 
Dept. of Neuroscience and Physiology, University of Gothenburg, Swe-
den. On the first day an extraction solution later named HAc/ETOH was 
prepared with 5 mL 6.0 M acetic acid (HAc) + 95 mL 95 % ethanol. The 
centrifuge was pre-cooled with adapter for vessels, slowly rotating at +
4 ◦C. The extraction was performed in ice baths in conical polypropylene 
tubes (15 mL Falcon). 250 L perfundat and 250 L PBS (0.1 M sodium 
phosphate buffer, 0.05 M NaCl, pH 7.6) were extracted with ice cold 
1000 L HAc/ETOH. Mixed all at once for 1 min in a Multimixer and then 
left at + 4 ◦C for 10 min. The tubes were centrifuged for 10 min at 4 ◦C 
and at 2500 g. The supernatant was transferred into a new poly-
propylene tube (3.5 mL Sarstedt) and evaporated to dryness, with 
streaming air in room temperature. On the second day samples were 
dissolved in 500 μL assay buffer (0.1% bovine serum albumin, 0.005% 
Tween 80 in PBS). Mixed and then left for 30 min at + 4 ◦C before 
analysis. Mixed again and samples in duplicates were performed to the 
radioimmunoassay (RIA). The RIA was performed with duplicates of 
calibrators and samples. Calibrators and samples of 100 L were incu-
bated with 50 L Oxytocin antiserum (A 19 R-77220), final dilution 1/28 
000 in assay buffer, at 21C for 24 h. A second incubation at the same 
manner was performed after addition of 50 L125I-Oxytocin (diluted to 
10 000 cpm 10 % in assay buffer). Free and bound tracer was separated 
using 100 L anti-rabbit IgG (AA-Sac1 from IDS), incubation at room 
temperature for 30 min, addition of 1 mL deionized water and centri-
fugation (2500×g, 20C, 5 min). The supernatant was discarded, and the 
precipitate measured in a gamma counter. The RIA method was opti-
mized to detect synthetic OX in maternal and fetal perfusate. RIA vali-
dation parameters for synthetic OX were as follows: Limit of detection: 
25 pmol/L, Intra-assay reproducibility (% CV): 4.7 (n = 12). Inter-assay 
reproducibility (% CV): 4.3 (n = 12). The validation parameters were 
performed on plasma samples. 

Antipyrine was detected on a LaChrom HPLC system: Supernatant 
(200 μL) was mixed with Acetonitrile (200 μL, VWR, Fontenay-Sous- 
Bois, France) to precipitate protein, containing 10 μg/mL phenacetin 
(p-acetopenetidide 97 %, Acros organics, Geel, Belgium) as internal 
standard. Antipyrine (98 %, Aldrich-Chemie, Steinheim, Germany) and 
phenacetin was analyzed using a reverse phase LaChrom HPLC system 
equipped with a L-7100 pump, an L-7200 auto sampler, an D-7000 
interface, a L-7300 column oven and a L-7400 UV detector (Merck, 
Hitachi). The stationary phase was a C18 column (NUCLEOSIL C-18, 
ODS, 20 mm × 4.6 mm, 5 μm particles) with a Security Guard precolumn 
(Phenomexes C-18, ODS, 4 mm L × 3.0 mm i.d.). Mobile phase was a 
degassed methanol (HPLC grade, Applichem, Biochemia, Damstadt, 
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Germany) and water (45/55, v/v) solution adjusted to a flow rate of 1 
mL/min. Injections volume was 25 μL, oven temperature 31 ◦C and 
detection absorbance 254 nm. 

2.4. Statistical calculations 

Descriptive statistics including mean, SD were used for each con-
centration of OX and AP. All statistical calculations were performed in 
Excel 2010 (Microsoft). 

3. Results 

3.1. Subject and placenta characteristics 

Overall, 11 placenta cannulations were initiated. Hereof five were 
discarded before the test substance was added, while six were successful 
perfusions and maintained metabolic activities for the 3-h duration of 
the experiment. Of these, five were test perfusions where the test sub-
stance OX was added, while the sixth was a blank perfusion. The weight 
of the perfused cotyledons ranged from 12 to 34 g (Table 1.). 

The women having donated their placenta were between the ages of 
33 and 39 years, multipara, and reporting a normal uncomplicated 
pregnancy. One woman reported a chronic illness (Leiden V Mutation) 
requiring prescription medication during pregnancy (anticoagulants). 
The indications for elective caesarean section as mode of birth were 
maternal request and breech position. The mean gestational age at time 
of birth was 269 days (approx. 38 weeks of gestation). 

3.2. Transport results 

Samples from the five test perfusions were analyzed for quantifica-
tion of OX in maternal and fetal systems (Fig. 1.). A reduction in 
maternal concentration was seen across the entire time span of the five 
perfusions with the steepest fall during the first ~15 min. In contrast to 
the maternal concentration, the fetal concentration was at an uneven 
steady state during the 3 h study in all of the five perfusions, with a slight 
increase at the end of the perfusions. After 90 min perfusion there was a 
state of equilibrium with no difference between maternal and fetal 
media OX concentration, until the end of perfusion where the fetal 
media concentration of OX was higher than the maternal in all five 
perfusions. 

FM ratios were also calculated, illustrating the concentration of OX 
in the fetal perfusate in relation to the maternal. At the start of the 
experiment, the mean fetal concentration was 15% of that of the 
maternal, whereas at the end of the experiment it was 173 %. This in-
crease was driven by the fall in maternal concentration and not by a rise 
in the fetal. 

A blank perfusion was performed to study the background level of 
endogenous oxytocin in the fetal and maternal circulation. The blank 
perfusion, as well as the before samples from the five test perfusions, 
showed that oxytocin was already present in the placenta and washed 
out into both maternal and fetal circulation. As expected the concen-
trations of the endogenous hormone was lower than that of the experi-
mental perfusions. At minute 0 of the experiment the mean OX 
concentration was 25 pmol/L vs 619 pmol/L in fetal vs maternal. In the 

blank perfusion a fall was seen in the fetal oxytocin concentration after 
the first half of the experiment resulting in a 40% lower concentration at 
minute 180. When comparing the mean fetal concentration in the test 
perfusion to that of the blank this same fall in concentration is not seen 
(Fig. 2.). 

3.3. Recovery rate and quality control 

With regards to the recovery of OX approximately a third of the drug 
initially added could be accounted for at the end of the experiment. The 
recovery rate ranged between 22% and 37% in the five perfusions. 

All pre-defined quality control checkpoints [23] were met by the 
placental perfusions providing the results of this study: (1) cannulation 
and decision to proceed by isolating the cotyledon (2) preperfusion with 
oxygen transfer and no leak of fetal perfusion media. All placentae 
selected for the study showed a fetomaternal fluid loss <3 mL/h. Anti-
pyrine FM ratio above 0.75 showing that the positive control substance 
passed from maternal to fetal circulation as expected. 

The start OX-concentration of 794 pmol/L in maternal media was 
measured in the maternal 0-min samples as 500–700 pmol/L. The lower 
measured concentration could be due to incomplete initial mixing of OX 
in the infusion bag. It could also be caused by measurement error, as 
oxytocin is notoriously difficult to measure accurately [24]. 

4. Discussion 

4.1. Main findings 

The maternal concentration of OX decreases throughout the duration 
of the experiment, and the fetal concentration does not increase at the 
same rate. Still, there seems to be a slight increase in the fetal concen-
tration of OX during the perfusions, and after 3 h the fetal circulation 
had a higher concentration than the maternal - this was seen in all 
perfusions. While concentration levels cannot be directly translated into 
drug transferred, our data cannot exclude that OX administered to the 
mother may reach the fetal circulation. This is further supported by the 
results of the blank perfusion where a fall in fetal concentration is seen 
(Fig. 2.). If OX did not pass at any rate it would be expected that the fetal 
transfer kinetics of the drug from the five perfusion experiments would 
be similar to that of blank perfusion. However, the mean fetal concen-
tration did not decrease, but remains relatively unchanged, and the level 
at start perfusion (before-sample) is not distinctly different from the 
level at 3 h perfusion (Fig. 2.). 

4.2. Interpretation 

Our findings confirm the ex vivo placenta study performed by Malek 
and colleagues [19]. Here the maternal to fetal transport of radioactively 
labelled OX was studied over the course of 2 h. Similar to the findings of 
this study the maternal drop in concentration was most pronounced in 
the first 15–20 min, while there was a small rise in concentration in the 
fetal perfusate. 

Transport across the placenta is dependent on the physiochemical 
properties of the drug. One such relevant property of OX is its large size 
(molecular weight 1007.19 g/mol) [25], which would decrease the 

Table 1 
Clinical characteristics of perfused test placenta (n = 5).  

Perfusion 
ID 

Placental weight 
(grams) 

Weight perfused cotyledon 
(grams) 

Diameter 
(cm) 

Height 
(cm) 

Time from birth to laboratory 
(minutes) 

Foetal volume loss 
(mL) 

Maternal Volume 
Loss (mL) 

1 890 13 21x20 2 32 0 (+1.6) 5.3 
2 570 12 18x20 2 26 0 (+1.3) 1.7 
3 1.041 32 22x24 2 22 5.9 0 (+10.3) 
4 548 34 20x20 1.5 24 3 0 (+6.6) 
5 760 20 20x22 2 31 0 (+11.6) 2  
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transport rate. Furthermore, OX is hydrophilic [26] and does not readily 
pass through the lipid membrane of the placenta. To our knowledge no 
prior studies can clarify a specific transport mechanism by which OX 
would pass the placenta, but in general peptide hormones are poorly 
transferred [27] as they are too large to cross the placenta [28], this 
suggests transcytosis as a possible transcellular transport mechanism. 

Our results show that around 70% of the total OX was not accounted 
for when combining the concentration in the maternal and fetal com-
partments. This may be due to accumulation, adsorption or metabolism 
of OX in the placental tissue. While oxytocinase activity was not studied 
directly in our experiment, it may account for the decreased oxytocin 
and OX concentrations. The maternal perfusate is in contact with the 
syncytiotrophoblast where human placental oxytocinase is located [29]. 
As the fetal perfusate is in contact with the fetal endothelium and 
oxytocin degrading enzymes are not present here to the same degree this 
could explain a more rapid degradation in maternal plasma. We also 
suggest that protein binding of oxytocin to albumin could play a role in 
explaining our results. Recently developed methods to determine total 

oxytocin plasma/serum levels have shown that only a small percentage 
of oxytocin is dissolved in plasma, and the remaining oxytocin is bound 
to plasma proteins [30]. The decrease in maternal concentration of 
oxytocin previously explained above as due to adsorption or metabolism 
in the placental tissue can also be explained by albumin binding. The 
transport kinetics of albumin bound substance across placenta is previ-
ously described [31] and these transport kinetics are very similar to that 
demonstrated for oxytocin in the present study. When bound to albumin, 
the oxytocin can be loaded into the trophoblast cells by the albumin 
recycling mechanism, and released into fetal circulation after hours of 
perfusion [32]. This could be in accordance with the small rise in fetal 
concentration of oxytocin seen at the end of our 3-h experiment and 
future studies should take this protein binding into account. 

4.3. Strengths and limitations 

A major strength of this study is the use of human placenta in the 
previously validated and quality assessed human placenta perfusion 
model. Ex vivo placental perfusion is the only experimental method for 
human studies of placental transfer of substances in organized placental 
tissue. The model enables sampling from both fetal and maternal 
chambers at many time points and as opposed to in vivo studies using 
cord blood it provides insight into what happens during labor while 
augmentation is ongoing - enabling extrapolation to real clinical sce-
narios. The robustness of the placental perfusion model is demonstrated 
by the fact that all placentae passing successful cannulation maintained 
metabolic activity for the 3-h duration of the experiment and no 
placentae had to be excluded due to fetal volume loss. Another asset of 
the model is that the in vivo placental metabolism is still intact [33]. 
Furthermore, the transport results of the positive control antipyrine, 
confirms a sufficient overlap between maternal and fetal systems. 

Ideally, placental perfusion studies should mimic normal physio-
logical conditions concerning plasma proteins and cellular constituents 
of fetal and maternal medium. We accommodated this by adding higher 
levels of albumin to the fetal medium in comparison to the maternal 
[34]. The addition of albumin also adds the feature of protein binding to 
the model, which can be very important when investigating the trans-
port kinetics of some substances [31]. 

The high degree of binding between oxytocin and plasma proteins 
makes it difficult to quantify in plasma samples [30]. This is also a 
limitation of the analysis method in the present study. The extraction 
method used precipitates up to 96 % of proteins from our sample. We 
cannot exclude a (high) degree of OX in the maternal medium is 

Fig. 1. Maternal and fetal concentrations of OX/oxytocin in pmol/L during the 3-h experiment. Presented for individual perfusions and as mean (SD). Time points for 
sample collection were minute 0, 2, 5, 10, 15, 30, 60, 120, 150, 180 (n = 5). 

Fig. 2. Mean fetal concentration of OX/oxytocin in test perfusions (n = 5) and 
blank perfusion (n = 1). Time points for sample collection were minutes 0, 2, 5, 
10, 15, 30, 60, 120, 150, 180. 
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precipitated together with the albumin and therefore not recorded in the 
RIA. While there is no gold standard our samples were analyzed in an 
authorized laboratory setting with experienced technicians and a vali-
dated and reliable method. Although we cannot exclude the possibility 
of measurement error, systematic errors should not grossly affect the 
ratio between fetal and maternal concentration and the conclusion of 
this study. Future studies would benefit from testing the transfer of OX at 
different doses taking into account that during augmentation some 
women receive OX for more than the 3 h studied here, resulting in a 
potential higher fetal exposure. Furthermore, current guidelines for 
administration of OX may vary by both initial infusion rates and dosing 
intervals [8]. Future analyses should also investigate the accumulation 
of OX in placental tissue, as well as the metabolism. Finally, the issue of 
whether specific placental, fetal and labor characteristics render the 
placenta barrier more permeable to OX needs attention; in line with 
studies that have found that stress and hypoxia renders the both 
brain-blood-barrier [35,36] and the placenta barrier [37] more perme-
able. The results of the present study are limited to term placentae of 
women not in labor, not exposed to OX and thereby represent transport 
in the late third trimester. 

5. Conclusion 

We found that transfer of OX across the placenta is relatively low and 
takes place in concentrations within the known physiological range. We 
conclude that it cannot be dismissed that OX is transferred from mother 
to child during augmentation of labour. These results are in line with 
existing data. 

While we recognize the benefits of labor augmentation the research 
question should be viewed in a larger context of trying to improve and 
optimize maternal and fetal outcomes. At this point our findings do not 
mandate a change to current practice of augmentation. However, 
respecting the many unanswered questions, as well as the frequency of 
augmentation, clinicians should always take a precautionary approach 
when using oxytocin. The use should always be medically indicated, and 
it should be administered at the lowest dose compatible with a physio-
logic rate of labor progress. 
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