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Abstract

Aims: To compare pharmacokinetics (PK) and safety of heat-stable inhaled

(IH) oxytocin with intramuscular (IM) oxytocin in women in third stage of labour

(TSL), the primary endpoint being PK profiles of oxytocin IH and secondary endpoint

of safety.

Methods: A phase 1, randomized, cross-over study was undertaken in 2 UK and

1 Australian centres. Subjects were recruited into 2 groups: Group 1, women in TSL;

Group 2, nonpregnant women of childbearing potential (Cohort A, combined oral

contraception; Cohort B, nonhormonal contraception). Participants were randomized

1:1 to: Group 1, oxytocin 10 IU (17 μg) IM or oxytocin 240 IU (400 μg) IH immedi-

ately after delivery; Group 2, oxytocin 5 IU (8.5 μg) intravenously and oxytocin

240 IU (400 μg) IH at 2 separate dosing sessions.

Results: Participants were recruited between 23 November 2016 to 4 March 2019.

In Group 1, 17 participants were randomized; received either IH (n = 9) or IM (n = 8)

oxytocin. After IH and IM administration, most plasma oxytocin concentrations were

below quantification limits (2 pg/mL). In Group 2 (n = 14), oxytocin IH concentrations

remained quantifiable ≤3 h postdose. Adverse events were reported in both groups,

with no deaths reported: Group 1, IH n = 3 (33%) and IM n = 2 (25%); Group

2, n = 14 (100%).

Conclusion: Safety profiles of oxytocin IH and IM were similar. However, PK profiles

could not be established for oxytocin IH or IM in women in TSL, despite using a

highly sensitive and specific assay.
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1 | INTRODUCTION

With approximately 295 000 maternal deaths per year globally, reduc-

ing maternal mortality has been adopted as a Sustainable Develop-

ment Goal by the United Nations, with the aim of reducing the global

maternal mortality ratio to <70 per 100 000 live births by the year

2030 (Goal 3).1 Postpartum haemorrhage (PPH) is the leading cause

of maternal mortality, accounting for nearly 20% of all maternal

deaths globally.2 In low- and middle-income regions such as northern

Africa and eastern Asia, this proportion can be as high as �30%.2

Oxytocin is included in the World Health Organization List of

Essential Medicines as a preventive intervention for PPH, and is con-

sidered the gold standard of treatment by Cochrane review and the

World Health Organization; 10 IU given via the intramuscular (IM) or

intravenous (IV) route during the third stage of labour (TSL) is recom-

mended for prevention.3,4 However, the current aqueous formulation

of oxytocin for injection requires cold-chain storage and injection by

skilled birth attendants.5,6 The degradation of oxytocin injection prod-

ucts, when stored without refrigeration,7 is a widespread issue in

resource-poor settings; a systematic review found that 57.5 and

22.3% of oxytocin ampoules tested in Africa and Asia, respectively,

contained <90% of labelled oxytocin.8 The availability of high-quality

oxytocin in this setting is limited.5,6

Implementation of a simply administered, heat-stable, noninjectable,

dry powder formulation of oxytocin would remove the need for refriger-

ation and consumables (i.e. syringes, needles) and allow task shifting to a

wider range of birth attendants. This would increase access to oxytocin

and could be effective in the prevention of PPH in resource-poor set-

tings. A first-time-in-human (FTIH) study investigating the safety, tolera-

bility and pharmacokinetics (PK) of 4 ascending doses of an inhaled (IH),

heat-stable, dry powder formulation of oxytocin in nonpregnant women

showed favourable results.9 Oxytocin IH demonstrated rapid absorption

into plasma with a similar PK profile to oxytocin administered by IM

injection, and there were no significant safety findings.9 Importantly, a

dose of oxytocin 240 IU (400 μg) IH was found to result in similar sys-

temic exposure to that of oxytocin 10 IU (17 μg) IM.9

The aim of the current study (NCT02999100) was to characterize

the safety and PK of oxytocin 240 IU IH compared with oxytocin

10 IU IM in women in TSL, and oxytocin 240 IU IH compared with

oxytocin 5 IU IV in nonpregnant women.

2 | METHODS

2.1 | Study design

This was a phase 1, randomized, open-label study conducted at 2 cen-

tres in the United Kingdom and 1 centre in Australia. The study design

is shown in Figure S1. Group 1 was terminated following an interim

analysis due to low/undetectable oxytocin concentrations (Supporting

information); Group 2 was completed. The study protocol for

NCT02999100 can be found online (https://clinicaltrials.gov/

ProvidedDocs/00/NCT02999100/Prot_000.pdf).

2.2 | Participants

Two groups of healthy women aged 18–40 years were enrolled.

Group 1 included women with an uncomplicated pregnancy and at

low risk of PPH. Group 2 included nonpregnant, nonlactating

women of childbearing potential. Women in Group 2 were divided

into 2 cohorts; those taking combined oral contraception (COC;

Cohort A) and those who were using a nonhormonal form of

contraception (Cohort B). Inclusion and exclusion criteria are

detailed in Table S1. Written informed consent was obtained from

each participant prior to the performance of any study-specific

procedures.

What is already known about this subject

• Oxytocin intravenous/intramuscular is standard of care

for the prevention and treatment of postpartum

haemorrhage.

• Access to high quality oxytocin injection products in

resource constrained settings is significantly compro-

mised due to inadequate cold-chain storage

infrastructure.

• In nonpregnant subjects intramuscular and inhaled oxyto-

cin formulations have shown similar pharmacokinetic pro-

files and exposures.

What this study adds

• The first study showing the pharmacokinetics of intra-

muscular and an inhaled oxytocin formulation in women

in third stage of labour.

• Demonstrates that the systemic exposure of oxytocin in

third stage of labour was too low to be accurately and

reproducibly quantified in plasma despite the use of a

selective and sensitive bioanalytical method (liquid chro-

matography–tandem mass spectrometry).
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2.3 | Treatment

Participants were assigned (1:1) to drug administration regimens

under the randomization schedule generated by GSK before the start

of the study using validated internal software. This was an open-label

study; therefore, no masking was necessary. Group 1 participants

received active management of TSL via a single dose of either oxyto-

cin 10 IU (17 μg) by IM injection into thigh (standard intervention) or

oxytocin 240 IU (400 μg) IH powder according to local standard of

care (usually within 5 min of birth; Figure S1). Oxytocin IH powder

was delivered using a capsule-based inhaler (Modified Air Inlet

ROTAHALER Dry Powder Inhaler device, hereafter referred to as

ROTAHALER). Group 2 participants received oxytocin 5 IU (8.5 μg) by

IV bolus over 30 s or slow infusion over 5 min and oxytocin 240 IU

(400 μg) IH powder administered using a ROTAHALER. These were

administered at 2 separate dosing sessions in a crossover design, with

the order being randomly assigned (Figure S1).

2.4 | Endpoints and outcome assessments

The objectives of the study were to characterize PK and safety after

single-dose administration of IH, IM or IV oxytocin. The primary end-

point in both Groups 1 and 2 was the plasma concentration–time profile

for oxytocin over 4 h. Other PK endpoints included the maximum

observed plasma concentration (Cmax), time to Cmax (Tmax), area under

the concentration–time curve extrapolated to infinity (AUC0–∞), the

terminal-phase half-life (T1/2), plasma clearance (CL) after IV dosing

(Group 2 only) and the volume of distribution (VD) after IV

dosing (Group 2 only). In Group 2, primary endpoints included safety;

these were secondary endpoints for Group 1. For Group 1, Safety/

tolerability endpoints were temperature, systolic and diastolic blood

pressure, heart rate and respiratory rate only. While for Group 2 included

changes in general safety parameters, adverse events (AEs) including

PPH, absolute values and changes in vital signs (blood pressure, heart

rate, respiratory rate), forced expiratory volume at 1 s and 12-lead elec-

trocardiogram (ECG) parameters (PR, QRS, QT, corrected QT interval

[QTc] intervals) from predose values. Exploratory endpoints included

evaluation of endogenous plasma oxytocin concentrations in nonpreg-

nant women (i.e. Group 2) in the presence and absence of COC.

For PK analyses, blood samples were taken at prespecified time

points (predose, and at 3, 5, 10, 15, 20 and 30 min postdose, then at

1, 2, 2.5, 3 and 4 h postdose). Plasma sample preparation and oxytocin

measurements are described in the Supporting information. For safety

assessments, AEs, serious AEs (SAEs) and medical device incidents were

monitored and documented throughout the study (follow-up Days

14 and 21 postdose for Groups 1 and 2, respectively). Additional safety

assessments were carried out for Group 1 (AEs of special interest,

i.e. PPH, delivery of the placenta) and for Group 2 participants (including

monitoring for pregnancies). For the exploratory endpoints, predose

plasma concentrations of oxytocin were measured in Group 2 partici-

pants, and the PK of oxytocin IH and IV were compared in Cohort A

(using COC) and Cohort B (using a nonhormonal form of contraception).

A core outcome set for studies investigating postpartum haemor-

rhage was published during the study10; however, as enrolment began

in November 2016, we did not amend the study design to include

these outcomes.

2.5 | Assay

Plasma samples were analysed using a validated liquid

chromatography–tandem mass spectrometry method to determine

the concentration of oxytocin. Following automated solid phase

extraction, samples were mixed with internal standard (d5-oxytocin),

extracted on Oasis MCX μElution plates (Waters, Milford, MA, USA)

and injected onto an Acquity UPLC BEH C18 column (Waters,

Milford, MA, USA). Oxytocin was detected in the column eluant by a

XEVO-TQS mass spectrometer (Waters, Milford, MA, USA) operated

in positive-ion mode. The quantitation range for oxytocin was linear

(R2 ≥ .9946) across the concentration range of 2–500 pg/mL using a

350 μL aliquot of plasma. The mean internal standard recovery across

all runs was 70.25%, with between and within run precision of 2.17–

14.30% and 1.05–12.50% respectively.

2.6 | Ethical approval

The study protocol was reviewed and approved by the Office for

Research Ethics Committees of Northern Ireland (UK;16/NI/0214;

27 October 2017) and the Monash Health Human Research Ethics

Committee (Australia; HREC/18/MonH/72; 9 March 2018) in accor-

dance with Good Clinical Practice guidelines.

2.7 | Statistical analyses

Sample size was based on feasibility; however, a precision calculation

was also conducted to approximate the expected half width of the 90%

confidence interval around the point estimate for the main comparison

of interest (oxytocin IH vs. IM in women in TSL) using a t-test. While no

statistical analysis was planned as this was a feasibility study, the dose

chosen for the IH route was expected to achieve a similar Tmax and Cmax

to IM but less than IV and an AUC similar to IM route. The safety popu-

lation comprised participants who received at least 1 dose of study

medication, and was used for study population and safety analyses

based on the treatment participants actually received. The PK popula-

tion included all participants in the safety population for whom a PK

sample was obtained and analysed. Further details of statistical analyses

are provided in the Supporting information.

2.8 | Role of the funding source

GSK Plc funded this study (NCT02999100) and was involved in all

stages of study conduct, including analysis of the data. GSK Plc also
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funded all costs associated with the development and publication of

this manuscript. The corresponding author had full access to all the

study data and had final responsibility for the decision to submit for

publication.

3 | RESULTS

3.1 | Participants

Participants were recruited between 23 November 2016 and 1 March

2019, and the study was terminated on 4 March 2019. Of 36 partici-

pants enrolled to Group 1, 29 were randomized to either oxytocin IH

(n = 16) or IM (n = 13), and 7 were not randomized due to study halt.

Of the 29 randomized 17 participants, went on to receive oxytocin IH

(n = 9) and IM (n = 8; Figure S2). In Group 2 Cohort A, 9 participants

were enrolled, of whom 8 were randomized and 7 completed the study

(Figure S2). Five participants received oxytocin IV as a 30-s bolus, while

the remaining 2 participants received a slow infusion push over a 5-min

duration. One participant was withdrawn at the investigator's discre-

tion following an AE of headache after session 1 (oxytocin IH). One

participant completed the IV bolus dosing session, but was excluded

from IH group analyses because they did not receive any investiga-

tional product. Another participant received a partial oxytocin IV dose

due to T-wave inversion identified at 2 min, resulting in slow infusion

being stopped early. In Cohort B, 6 participants were enrolled and ran-

domized, of whom 5 completed the study and 1 withdrew consent

after session 1 (IV slow infusion; Figure S2). One participant received a

partial oxytocin IV bolus dose due to cardiovascular (CV) AEs; another

participant received IV bolus dosing and the remaining 5 participants

received an IV slow infusion dose over a 5-min duration.

Participant characteristics were generally balanced between the

various groups and cohorts (Table 1). In Group 1, mean age was

30.1 years; in Group 2, mean age was 6 years younger in Cohort A

(26.5 years) than in Cohort B (32.5 years).

3.2 | PK

In Group 1, predose concentrations of oxytocin were unquantifiable

in all but 1 individual. Postdose, the number of samples with quan-

tifiable (>2 pg/mL) oxytocin plasma concentrations was limited. The

majority of participants had no or a single quantifiable postdose

concentration of oxytocin (Table S2). Individual concentration–time

data from women in TSL following treatment with oxytocin IH or

IM are shown in Figure S3. Moreover, a lack of measurable post-

dose oxytocin concentrations in participants in TSL limited the esti-

mations and interpretation of PK parameters. No major differences

in the median time of last observed quantifiable concentration

(Tlast) or Tmax were observed between oxytocin IH (n = 6) and IM

(n = 3) arms (Table 2).

Following both IV and IH dosing in Group 2, oxytocin was

quantified in the plasma of all participants up to at least 1.5 h post-

dose. There were no quantifiable predose concentrations of oxyto-

cin (�1 h, and �30 and �15 min) in either cohort. Median oxytocin

plasma concentrations are shown in Figure S4. Geometric mean

plasma oxytocin PK parameter estimates for both cohorts are sum-

marized in Table 3. The estimated relative bioavailability of the IH

dose was 1.96 and 3.33% for Cohorts A and B, respectively. Cmax

and AUC0–∞ were 37–48% lower in Cohort A than in Cohort B fol-

lowing administration of oxytocin 240 IU IH. There was

no/negligible difference in Tmax, T1/2, CL or VD between Cohorts A

and B. Within Cohort A, participants receiving oxytocin 5 IU IV

(bolus and slow infusion) had higher exposure than those receiving

oxytocin 240 IU IH (Cmax 838 and 698 pg/mL, respectively, vs.

224 pg/mL). AUC0–∞ was similar across arms (130, 147 and

167 h*pg/mL) for oxytocin 240 IU IH, 5 IU IV bolus and 5 IU IV

slow infusion, respectively. Within Cohort B, participants receiving

oxytocin 5 IU IV (bolus and slow infusion) also had higher exposure

than those receiving oxytocin 240 IU IH (Cmax 1313 and 722 pg/mL,

respectively, vs. 357 pg/mL); AUC0–∞ was similar between treat-

ment arms (210, 173 and 251 h*pg/mL).

TABLE 1 Participant characteristics.

Group 1 Group 2

Oxytocin 240 IU IH (N = 9) Oxytocin 10 IU IM (N = 8) Cohort A (N = 8) Cohort B (N = 6)

Mean (SD) age, yearsa 31.8 (3.5) 28.1 (5.8) 26.5 (4.9) 32.5 (6.8)

Female sex, n (%) 9 (100) 8 (100) 8 (100) 6 (100)

Mean (SD) BMI, kg/m2 25.3 (4.5) 24.9 (3.03) 23.6 (3.68) 24.4 (3.79)

Mean (SD) height, cm 165.2 (4.5) 159.6 (5.15) 166.4 (6.93) 160.2 (6.65)

Mean (SD) weight, kg 69.2 (13.3) 63.8 (10.00) 65.4 (12.55) 63.1 (13.44)

Race, n (%)

White/Caucasian/European 7 (78) 5 (63) 7 (88) 6 (100)

Asian 2 (22) 2 (25) 1 (13) 0

Mixed 0 1 (13) 0 0

Abbreviations: BMI, body mass index; IH, inhaled; IM, intramuscular; IU, international units; SD, standard deviation.
aAge was imputed when full date of birth was not provided.
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3.3 | Safety

In Group 1, no AEs or SAEs were considered drug-related and the

majority of AEs were moderate in intensity (Table 4). A total of 4 SAEs

were reported in Group 1. Among these, 2 events of pyrexia were

reported in the oxytocin 240 IU IH group: Grade 3 pyrexia (38.3�C)

was noted 30 min after vaginal delivery, prompting blood cultures

(negative) to be drawn and IV antibiotics to be administered; Grade

2 pyrexia (38.5�C) occurred 1.5 h after dosing in another participant,

which resolved within 6.5 h of receiving IV antibiotics. The other

2 SAEs, both in the oxytocin 10 IU IM group, included Grade 3 anae-

mia (haemoglobin 63 g/dL) that was treated to resolution with blood

TABLE 2 Summary of derived plasma oxytocin pharmacokinetic parameters for participants in TSL (PK population).

Parameter

240 IU oxytocin IH

(N = 9)a
10 IU oxytocin IM

(N = 8)b

AUC0–t, h*pg/mL NC (NC–8.10) NC (NC–2.30)

Cmax, pg/mL 2.46 (NC–36.00) NC (NC–4.50)

Tmax, h 0.15 (0.05–2.50) 0.25 (0.17–0.48)

Tlast, h 0.50 (0.12–2.5) 0.48 (0.33–1.00)

Note: All values are median (range); untransformed data.

Abbreviations: AUC0–t, area under the concentration–time curve to the last quantifiable concentration; Cmax, maximum observed plasma concentration; IH,

inhaled; IM, intramuscular; IU, international units; NC, noncalculable; PK, pharmacokinetics; Tlast, time of last observed quantifiable concentration; Tmax,

time to Cmax; TSL, third stage of labour.
aThe number of evaluable participants with nonmissing observations (including NC values) was 9 for AUC0–t and Cmax, and 6 for Tmax and Tlast; the number

of participants for whom parameters could not be derived because of nonquantifiable concentrations was 6 for AUC0–t, and 3 for Cmax, Tmax and Tlast.
bThe number of evaluable participants with nonmissing observations (including NC values) was 8 for AUC0–t and Cmax, and 3 for Tmax and Tlast; the number

of participants for whom parameters could not be derived because of nonquantifiable concentrations was 5 for AUC0–t, Cmax, Tmax and Tlast.

TABLE 3 Derived geometric mean plasma oxytocin pharmacokinetic parameters in Cohort A (COC) and Cohort B (nonhormonal
contraceptive).

Cohort Aa Cohort Bb

Oxytocin IH
(N = 7)

Oxytocin IV bolus
(N = 5)

Oxytocin IV inf
(N = 2)

Oxytocin IH
(N = 5)

Oxytocin IV bolus
(N = 1)

Oxytocin IV inf
(N = 5)

Geometric mean (90% CI)

[%CVb]

Cmax, pg/mL 224 (126, 400)

[92.5]

838 (409, 1719)

[67.2]

698 (697698)

[0]

357 (225, 567)

[51.4]

1313 (NC, NC)

[NC]

722 (448, 1162)

[42.2]

AUC0–∞,

h*pg/mL

130 (88, 193)

[57.5]

147 (70, 309)

[46.3]

167 (82, 342)

[16.1]

251 (204, 208)

[21.8]

210 (NC, NC)

[NC]

173 (131, 227)

[23.6]

AUC0–t,

h*pg/mL

128 (86, 190)

[58.6]

161 (98, 265)

[44.1]

164 (82, 331)

[15.8]

247 (200, 305)

[22.3]

208 (NC, NC)

[NC]

171 (130, 226)

[23.9]

CL, L/h – 57.9 (27.6, 122)

[46.3]

50.9 (24.9, 104)

[16.1]

– 40.4 (NC, NC)

[NC]

49.2 (37.4, 64.8)

[23.6]

VD, L – 31.2 (12.9, 75.8)

[56.5]

25.5 (18.0, 36.1)

[7.8]

– 20.9 (NC, NC)

[NC]

23.5 (17.1, 32.2)

[27.4]

Median (range)

Tmax, h 0.083 (0.05, 0.25) 0.04 (0.03, 0.18) 0.08 (0.08–0.08) 0.08 (0.05, 0.33) 0.05 (0.05, 0.05) 0.08 (0.08, 0.13)

T1/2, h 0.55 (0.37, 0.88) 0.37 (0.34, 0.41) 0.35 (0.29–0.41) 0.61 (0.42, 0.72) 0.36 (0.36, 0.36) 0.34 (0.26, 0.40)

Abbreviations: %CVb, interparticipant variability; AUC0–t, area under the concentration–time curve to last quantifiable concentration; AUC0–∞, area under

the concentration–time curve to infinity; CI, confidence interval; CL, clearance; Cmax, maximum observed plasma concentration; COC, combined oral

contraceptive; IH, inhaled; inf, infusion; IU, international units; IV, intravenous; NC, noncalculable; T1/2, terminal phase half-life; Tmax, time to Cmax; VD,

volume of distribution.
aThe number of participants with nonmissing observations (including imputed NC values) was 7 for oxytocin 10 IU IH (all parameters except CL and VD), 4

(Cmax, Tmax, AUC0–t) or 3 (T1/2, AUC0–∞, CL, VD) for oxytocin 5 IU IV bolus and 2 for oxytocin 5 IU IV infusion (all parameters).
bThe number of participants with nonmissing observations (including imputed NC values) for all parameters was 5, 1, 4 for oxytocin 10 IU IH, 5 IU IV bolus

and 5 IU IV infusion, respectively.

GAJEWSKA-KNAPIK ET AL. 5



transfusion and ferrous sulphate, and Grade 3 PPH (also considered

severe) that developed as a result of uterine atony and started at the

time of oxytocin dosing; study doses were permanently discontinued

and the participant was treated by removal of clots caused by possible

retained membranes, suturing of a second-degree tear and ergome-

trine/oxytocin, oxytocin, carboprost, tranexamic acid, fresh frozen

plasma and packed red blood cells. Normal haemoglobin concentra-

tions were confirmed 2 days later. This event led to the withdrawal of

the participant from the study. One additional participant (in the oxy-

tocin 240 IU IH group) had a nonserious AE of PPH. Further informa-

tion on these PPH events is provided in the Supporting information.

There was no notable difference in the nature of AEs reported with

IH and IM dosing, and no difficulties with IM administration.

All participants in Group 2 experienced at least 1 AE, with at least

half of participants experiencing AEs with both routes of administra-

tion of oxytocin (Table 4). No AEs or SAEs led to withdrawal; how-

ever, 1 participant (Cohort A) experienced an AE of severe headache

4 h after receiving oxytocin 240 IU IH, lasting 20 h. This participant

did not receive their subsequent dose of oxytocin 5 IU IV, at the

investigator's discretion (although it was not technically reported as a

withdrawal for an AE). Drug-related AEs were mild in severity except

for 1 migraine reported during oxytocin 5 IU IV bolus dosing, which

was considered moderate. In Cohort A, the most frequently reported

drug-related AEs were headache (n = 5), flushing, hot flush, feeling

hot, ECG QT prolongation and sinus tachycardia (all n = 2). A higher

proportion of participants in the IV bolus arm reported drug-related

headache than those in the IV slow infusion or IH arms (80% [4/5],

0% and 29% [2/7], respectively). In Cohort B, the most frequently

reported drug-related AEs were feeling hot (n = 5), headache (n = 4),

hot flush (n = 3) and palpitations (n = 2). The frequency of most drug-

related AEs was higher in the IV slow infusion arm than in the

other arms.

In addition, clinically significant abnormal ECG findings were

reported in one participant in each of Group 2 Cohorts A and B

(Table S3). In Cohort A, based on 12-lead ECG tracings, one partici-

pant had a nonserious AE of transient T-wave inversion during oxyto-

cin 240 IU IH dosing, as well as short-duration QT prolongation, sinus

tachycardia and transient T-wave inversion during oxytocin 5 IU IV

bolus dosing. These were judged by the investigator and a cardiologist

as nonserious but related to the study drug, thus dosing was discon-

tinued during the IV bolus dose (partial dose). Another participant had

mild-intensity AEs of short-duration QT prolongation with tachycardia

TABLE 4 Adverse events profile.

n (%)

Group 1

Group 2

Cohort A (N = 8) Cohort B (N = 6)

Oxytocin

IH (N = 9)

Oxytocin

IM (N = 8)

Oxytocin

IH (N = 7)

Oxytocin IV

bolus (N = 5)

Oxytocin IV

inf (N = 2)

Oxytocin

IH (N = 5)

Oxytocin IV

bolus (N = 1)

Oxytocin IV

inf (N = 5)

Any AE 3 (33) 2 (25) 7 (100) 5 (100) 1 (50) 3 (60) 1 (100) 5 (100)

Common AEsa

PPH 1 (11) 1 (13) 0 0 0 0 0

Pyrexia 2 (22) 1 (13) 0 0 0 0 0

Anaemia 1 (11) 2 (25) 0 0 0 0 0 0

Headache 0 0 4 (57) 4 (80) 0 2 (40) 0 4 (80)

Feeling hot 0 0 1 (14) 1 (20) 0 2 (40) 1 (100) 2 (40)

Flushing 0 0 0 2 (40) 0 0 0 1 (20)

Hot flush 0 0 2 (29) 0 1 (50) 1 (20) 0 2 (40)

Nasopharyngitis 0 0 2 (29) 0 0 0 0 0

Cough 0 0 2 (29) 1 (20) 0 1 (20) 0 0

ECG QT

prolonged

0 0 0 2 (40) 0 0 0 1 (20)

Sinus

tachycardia

0 0 0 2 (40) 0 0 0 0

Palpitations 0 0 0 0 0 0 0 2 (40)

Any SAE 2 (22) 2 (25) 0 0 0 0 0 0

Drug-related AE 0 0 6 (86) 5 (100) 1 (50) 3 (60) 1 (100) 5 (100)

AEs leading to

withdrawal

0 1 (13) 0 0 0 0 0 0

Abbreviations: AE, adverse event; ECG, electrocardiogram; IH, inhaled; IM, intramuscular; inf, infusion; IV, intravenous; PPH, postpartum haemorrhage;

SAE, serious adverse event.
aReported in ≥2 participants.
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and chest discomfort during oxytocin 5 IU IV bolus dosing. One addi-

tional clinically significant abnormal ECG finding in the IV infusion

group was not reported as an AE. In Cohort B, there were 4 partici-

pants with abnormal ECG findings, 2 subjects with mild intensity pal-

pitations and one participant had treatment-related, nonserious, mild

AEs of short-duration QT prolongation and chest discomfort while

receiving a partial dose of oxytocin 5 IU IV infusion. The other abnor-

mal ECG finding was not reported as an AE.

There were no clinically important trends between the dosing

arms for haematology or vital signs and significant abnormalities were

reported as AEs (Supporting information). No changes in forced expi-

ratory volume at 1 s were reported.

4 | DISCUSSION

4.1 | Main findings

This is, to our knowledge, the first study to assess PK parameters of

IH oxytocin in women in TSL. In this study, the PK characteristics

of oxytocin following IM or IH administration could not be accurately

characterized in women in TSL due to a lack of quantifiable plasma

concentrations. The current study used a highly sensitive and specific

liquid chromatography–tandem mass spectrometry assay to detect

plasma oxytocin concentrations (lower limit of quantitation 2 pg/mL),

yet this was not sufficiently sensitive to quantify plasma oxytocin

concentrations in these women; also ex vivo stability of plasma oxy-

tocin was confirmed in vitro prior to study start (reported separately,

see Oliver et al.11). Contrastingly, oxytocin remained quantifiable

(>2 pg/mL) in the plasma of healthy, nonpregnant, nonlactating

women of childbearing potential up to 3 h post-IH administration,

with derived PK parameters similar to those observed in the FTIH

study.9 Data from the present and FTIH9 studies indicate that oxyto-

cin can be quantified in plasma following IH, IM and IV administration

in nonpregnant women. In both Cohorts A and B, higher peak oxyto-

cin systemic exposure (Cmax) was observed following IV (either bolus

or infusion) vs. IH administration. Interestingly, in this limited popula-

tion, systemic exposure (Cmax and AUC0–3h) was generally lower fol-

lowing oxytocin 240 IU IH in participants receiving COC (Cohort A)

than in those using nonhormonal contraception (Cohort B), but sys-

temic CL and VD after IV dosing were consistent between cohorts.

This finding may be indicative of additional interactions between

oxytocin and oestrogen, higher systemic concentrations of which are

present in women taking COC and in pregnant women compared

with women using nonhormonal forms of contraception12; however,

small sample numbers in the current study preclude any clear

conclusions.

Although oxytocin IH, IM and IV were considered well tolerated

across all groups, several important CV effects were observed in non-

pregnant women. Transient AEs were observed in nonpregnant

women receiving oxytocin IH or IV, including flushing, chest tightness,

palpitations and ECG abnormalities. Transient increases in heart rate

and QTc were observed in Group 2 participants in both IH and IV

arms, with numerically larger changes seen with the IV route of

administration. No significant changes in blood pressure were noted

with either route of administration. Although these CV findings were

observed in nonpregnant women, they are of interest to the therapeu-

tic use of oxytocin in pregnant women, and are particularly relevant to

IV use during caesarean section.

4.2 | Strengths and limitations

This was the first study investigate oxytocin IH in women in TSL and

define the PK of oxytocin IM using a specific and highly sensitive ana-

lytical method. The study was performed in the challenging context of

TSL, with frequent PK sampling. Safety profiles of oxytocin IH and IM

were comparable. The results presented here do not eliminate a

potential therapeutic benefit, particularly in low- and middle-income

countries, for oxytocin IH in TSL, as low or nonquantifiable oxytocin

concentrations were also observed following IM administration, the

current standard of care.

Limitations include study halt per the protocol-defined stopping

criteria due to low or undetectable oxytocin concentrations (<2 pg/mL)

in the majority of samples from Group 1, preventing interpretation.

Alongside premature study termination, the number of participants in

Group 1 was low due to difficulties recruiting patients during preg-

nancy who remain at low risk throughout, logistical difficulty in

achieving 24-h coverage by a research team, and the unpredictability

of the onset and length of labour. Additionally, data from the non-

pregnant group should be interpreted in the context of low cohort

numbers, which was optimized for assessment of PK. A core outcome

set for studies evaluating interventions for preventing postpartum

haemorrhage was published during our study.10 Shock, additional use

of uterotonics, transfer for higher level of care, women's sense of

wellbeing, acceptability and satisfaction with the intervention and

breastfeeding have not been reported in our study.

4.3 | Interpretation

Previously, plasma oxytocin has been detected up to 18 and

60 min postdose (IV and IM administration, respectively) in late-

stage pregnancy; however, methods utilized were probably not as

specific as current technologies and considerable variability was

identified.13 Therefore, the low concentrations of oxytocin

observed during TSL were most likely to be attributable to

increased metabolic clearance of oxytocin, which is observed during

the late stages of pregnancy and postdelivery,14,15 as discussed fur-

ther in Oliver et al. 2021.11 These results do not rule out a poten-

tial therapeutic role for oxytocin IH during TSL; however, this

study highlights the challenges involved in designing effective clini-

cal development pathways in this area. Future studies should

include efficacy assessments for PPH prevention, in addition to PK

analyses in nonpregnant women, to more fully evaluate the benefit

of oxytocin IH in women in TSL.
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CV effects of oxytocin, especially with IV administration, are well

recognised16,17 and may be due to higher oxytocin systemic exposure

(Cmax) following IV dosing, as seen in our study. CV effects may also

be influenced by variables such as dose,17,18 the physiological stress

of childbirth, surgery, blood loss, use of anaesthetic and other vasoac-

tive agents.19 The exact mechanisms through which oxytocin exerts

CV effects are unknown but may include effects on vascular tone19

and/or direct actions on the heart.20 To mitigate CV effects, we chan-

ged the oxytocin IV administration method from a 30-s bolus infusion

to a 5-min slow injection (as recommended in the oxytocin Summary

of Product Characteristics21). Optimal dose and device for IH adminis-

tration are further areas in need of exploration. Future research into

the differences in CV changes associated with oxytocin administration

between pregnant women and nonpregnant women may be of

interest.

5 | CONCLUSIONS

This study is the first to investigate oxytocin IH administration in

women in TSL. Unexpectedly, it was not possible to define PK profiles

for either oxytocin IH or IM in women in TSL: the systemic exposure

of oxytocin was too low to be accurately and reproducibly quantified

in plasma despite the use of a selective and sensitive analytical

method and confirmation that the PK sampling procedures used sub-

stantially inhibited ex vivo sample degradation/metabolism. PK analy-

sis in nonpregnant women showed that oxytocin was rapidly

absorbed into plasma after IH administration and remained quantifi-

able up to 3 h postdose. Single-dose oxytocin was well tolerated, with

no drug-related AEs observed in women in TSL. Drug-related AEs in

healthy volunteers were all mild to moderate in intensity and CV

effects were noted. More research is warranted in women in TSL to

determine whether oxytocin IH will be able to address the currently

unmet clinical need for preventing PPH in resource-limited settings.
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