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Objective: This study aimed to quantify the amount of perindopril and its active metabolite

perindoprilat present in breast milk and corresponding maternal and infant plasma concentrations.

Design: Prospective, longitudinal, observational.

Setting: Tertiary specialist paediatric and obstetric hospital in Adelaide, South Australia.

Population: Breastfeeding women actively treated with perindopril for hypertensive dis-

orders postpartum.

Methods: Eight breast milk samples and a single plasma sample were collected from each

participant over a 24 hrs period, and plasma samples were taken from eligible breastfed infants.

Breast milk and plasma concentrations of perindopril and perindoprilat were analysed using

a validated Liquid Chromatography tandem-Mass Spectrometry (LC-MS/MS) method.

Main Outcome Measures: Mean breast milk concentrations of perindopril and perindo-

prilat, Relative Infant Dose (RID) <10%, and Theoretical Infant Dose (TID).

Results: Ten women and three infants participated in the study. The mean concentration of

perindopril in breast milk for each participant ranged from 0.003 to 1.2 ng/mL and perindoprilat

0.2–36 ng/mL. RID for perindopril was 0.0005–0.2% and perindoprilat 0.03–4.6%. TID for

perindopril was 0.00045–0.18 µg/kg/day and perindoprilat 0.032–5.4 µg/kg/day. Infant

plasma levels for perindopril ranged from 0.44 to 1.12 ng/mL and perindoprilat undetectable –

10.14 ng/mL. Maternal reports described normal infant growth and development.

Conclusion: Infant exposure to perindopril and perindoprilat through breast milk is low.

However, some infants were found to have plasma perindoprilat concentrations consistent

with pharmacodynamic effects. Perindopril may be used in mothers of healthy term infants,

provided the infant is carefully monitored.

Keywords: perindopril, perindoprilat, LC-MS/MS, human plasma, human milk, clinical

lactation, infant drug exposure

Introduction
Breast milk is the optimal source of nutrition for infants and the benefits of breastfeed-

ing are well established for both mother and child.1,2 The World Health Organization

(WHO) states that ‘breastfeeding is an unequalled way of providing ideal food for the

healthy growth and development of infants’ and recommends exclusive breastfeeding

for 6 months.3,4 Maternal medication use has been highlighted as a potential barrier to

breastfeeding due to concern regarding infants’ “exposure” through human milk.5

Hypertension has been reported to occur in 10–15% of pregnancies and often

persists into the postpartum period, requiring pharmacotherapy.6,7 Hypertension may
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be pre-existing or arise from pregnancy complications, such

as pre-eclampsia. Hypertensive disorders during pregnancy

and postpartum can lead to a persistently increased cardio-

vascular disease risk and the need for long-term antihyper-

tensive therapy.8–10 Angiotensin-converting enzyme (ACE)

inhibitors are commonly used in the management of hyper-

tension and are suitable first-line agents outside of

pregnancy.11 ACE inhibitors are favoured for the treatment

of hypertension during the postpartum period as they have

fewer adverse central nervous system effects (ie. sedation)

and are therapeutically superior to commonly used agents

during pregnancy, such as methyldopa and labetalol.

Perindopril is an ACE inhibitor, exhibiting high lipo-

philicity and local inhibition of the renin-angiotensin-

aldosterone system in tissues such as the heart, kidneys,

adrenal glands and blood vessels.11 It is marketed as two

separate salt formulations (erbumine and arginine), which

are considered bioequivalent. The efficacy, safety and tol-

erability of perindopril are well established in adult

patients for the treatment of hypertension and heart

failure.12 Perindopril has been shown to have a longer

duration of action, providing 24 hour blood pressure con-

trol with a single daily dose.13 Notably, perindopril may

have advantages for clinical practice due to once daily

dosing and potential for improved adherence with therapy

in breastfeeding mothers.

Few studies have investigated the use of ACE inhibi-

tors in women who are breastfeeding. This study aimed to

quantify the amount of perindopril and its active metabo-

lite perindoprilat present in breast milk and the corre-

sponding maternal and infant plasma concentrations in

order to inform clinical practice.

Method
Design and Setting
This prospective, longitudinal observational study was

conducted at the Women’s and Children’s Hospital

Adelaide, a tertiary specialist paediatric and obstetric hos-

pital in South Australia. Recruitment took place over an

18-month period from January 2016 to June 2017. Eligible

participants required a diagnosis of a hypertensive condi-

tion post-partum. Approval was granted by the Women’s

and Children’s Health Network (WCHN) Human Research

Ethics Committee and the University of South Australia

Research Ethics Committee, and our study was conducted

in accordance with the Declaration of Helsinki.

Study Participants
Breastfeeding women actively treated with perindopril were

referred to the investigation team by WCHN clinicians.

Women were eligible for inclusion in the study if they were

(1) ≥18 years of age and able to provide informed consent,

(2) on a stable dose of perindopril arginine or perindopril

erbumine (at steady state), (3) breastfeeding (defined as either

breastfeeding or expressing) and (4) willing to provide breast

milk and plasma samples. Infants eligible for inclusion were

(1) ≥4 weeks corrected age, (2) receiving exclusively breast-

milk and (3) not in a critical care setting.

Information on maternal age, weight, postpartum sta-

tus, and factors potentially affecting pharmacokinetics

(including smoking, alcohol intake, diet, ethnicity, medical

conditions and concomitant medications) were recorded

from interview with the mother. Infant age, sex, weight

(birth and current) and known medical conditions (mater-

nal participant reported) were also documented.

Measurement
Breast milk and plasma concentrations of perindopril and

perindoprilat were analysed using our previously validated

Liquid Chromatography tandem-Mass Spectrometry (LC-

MS/MS) method.14

Data Collection
Eight breast milk samples (up to 10 mL each) were col-

lected over a 24 hour period (i.e. at least one dosing

interval). Samples were collected from the same breast

by electric pump or manual expression. Participants

attended the WCHN to provide the first breast milk sam-

ple, one paired maternal blood sample (up to 10 mL, taken

within 30 mins of the breast milk sample) and, if the

woman consented, one infant blood sample (up to

0.5 mL). Subsequent breast milk samples were collected

in the participant’s home, using pre-labelled containers.

These samples were stored in the participant’s domestic

refrigerator and returned to the WCHN within 24 hrs. The

samples were coded and stored at −80°C until analysis.

Written informed consent was obtained from partici-

pating women and on behalf of their infants for the collec-

tion and analysis of breast milk and plasma samples.

Data Analysis
Pharmacokinetic (PK) parameters of perindopril and peri-

ndoprilat in maternal breast milk were calculated in accor-

dance with the FDA guidance document for undertaking
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clinical lactation studies,15 including the area under the

milk concentration–time curve from time zero to time of

last measurable concentration (AUClast), the dose-

normalized area under the milk concentration–time curve

over 24 hrs (AUC_D; AUC0–24), the dose-related peak

concentration (Cmax_D), the time to peak plasma concen-

tration (Tmax), the average steady-state milk drug concen-

tration during multiple-dose administration (Cavg) and the

terminal half-life (t½). The dose-normalized AUC

(AUC_D) was calculated by dividing the AUClast by the

dose. Non-compartmental PK analysis with PhoenixTM

Winnonlin® 7.0 software was used to calculate the phar-

macokinetic parameters.

Milk to plasma ratio, theoretical infant dose (TID) and

relative infant dose (RID) of perindopril and perindoprilat

were calculated (Equations 1–3).16,17

Milk=Plasma M=Pð Þ ratio ¼ AUCmilk=AUCplasma

orð Þ Cmilk=Cplasma (1)

Theoretical Infant Daily Dosage TIDð Þ mg=kg=dayð Þ ¼
Drug concentration in milk the average drug concentration;ð
mg=mLÞ x Daily volume of milk ingested 150 mL=kg=dayð Þ

(2)

� Relative Infant Dose RIDð Þ % ¼
TID mg=kg=dayð Þ
=Maternal dosage

mg=kg=dayð Þ

2
64

3
75

� 100

(3)

*Begg (1999), Bennett (1988), Hagg (2000) and Kristensen

(1999) state that 150 mL/kg/day is the standardised milk

consumption for a 2-month-old infant.15

Breast milk concentrations of perindopril and peri-

ndoprilat are presented as mean (range) for each parti-

cipant. Mean concentrations were determined by

averaging the concentration of perindopril or perindo-

prilat concentrations across all samples collected for

each participant. The range included the lowest and

highest concentration limits within the samples collected

for each participant.

Results
Participant Characteristics
Ten women participated in the study, including three mother-

infant pairs. Participant characteristics are described in Table 1.

All womenwere actively breastfeeding at the time of the study.

All women were non-smokers and were not using other

medications known to interact with perindopril(at) or assay

methods. The three infants studied were all born at term.

A total of 79 breast milk samples were collected from

the cohort of participants (mean 7.9 samples per partici-

pant). Breast milk samples were collected between 8 and

119 days post-partum (median 36.5 days).

Breast Milk and Plasma Concentrations
Perindopril

The mean concentration of perindopril in breast milk sam-

ples collected over the 24 hour study period per participant

varied from 0.0035 to 1.35 ng/mL, with Cmax (range

0.03–4.1 ng/mL) observed at 2–4 hrs post last maternal

dose taken. Perindopril was undetectable in breast milk in

four participants at 6–12 hrs after dosing. Participant 6 had

only one detectable breast milk concentration of 0.03 ng/mL

at 3.4 hrs. Paired mother-infant perindopril plasma concen-

trations were 2.17 and 0.91 ng/mL at 4 hrs (Participant 2),

2.43 and 1.12 ng/mL at 4.3 hrs (Participant 4) and 18.13 and

0.44 ng/mL at 3.2 hrs (Participant 10).

Perindoprilat

The mean concentration of perindoprilat in breast milk sam-

ples collected over the 24 hour study period per participant

varied from 0.41 to 36.83 ng/mL. The breast milk concentra-

tion for each participant remained relatively constant, resulting

in a Tmax of 3–7 hrs, although in three participants, perindo-

prilat was undetectable in breast milk at a number of time

points. Paired mother-infant perindoprilat plasma concentra-

tions were 44.58 and 5.23 ng/mL at 4 hrs (Participant 2), 28.44

and 10.14 ng/mL at 4.3 hrs (Participant 4) and 12.48 ng/mL

and <LOD at 3.15 hrs (Participant 10).

Pharmacokinetics
Estimated pharmacokinetic parameters for perindopril and

perindoprilat for each participant are shown in Tables 2 and 3.

Milk-to-plasma (M/P) ratios for perindopril and

perindoprilat calculated at specific individual time

points ranged from 0.04–0.7 and 0.2–5.2, respectively.

M/P ratios remained less than one for nine participants.

The higher perindoprilat M/P for participant 9 (5.2)

was observed 29 hrs following the last dose of

perindopril.

The mean breast milk concentrations for each indivi-

dual were used to calculate the theoretical infant dose

(TID) and relative infant dose (RID). The TID for peri-

ndopril was 0.00045–0.18 µg/kg/day and perindoprilat
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0.032–5.4 µg/kg/day. The RID for perindopril was

0.0005–0.2% and perindoprilat 0.03–4.6%.

Infant Outcomes
All parental reports for each breastfed infant indicated

normal growth and development.

Discussion
Interpretation and Main Findings
To our knowledge, this is the first study reporting on the

excretion of perindopril and its active metabolite perindopri-

lat into breast milk. There has been considerable discussion

regarding the safety of medications during breastfeeding and

Table 2 Estimated PK Parameters of Perindopril in Breast Milk

Participant Maternal

Daily

Dose

(mg)*

Parameters

Breast Milk

Concentration

Mean (range),

ng/mL

Maternal

Plasma

Concentration

(ng/mL)

M/P TID

(Micrograms/

kg/d)

RID

(%)

Infant Plasma

Concentration

(ng/mL)

Infant/

Maternal

Plasma

Ratio (%)

1 20 1.03 (0.46–1.48) 20.48 0.06 0.17 0.05 – –

2 10 0.56 (0.42–0.70) 2.17 0.3 0.075 0.08 0.91 42.1

3 5 0.47 (0.41–0.65) 1.33 0.3 0.06 0.08 – –

4 5 0.19 (0–0.84) 2.43 0.06 0.014 0.02 1.12 46.2

5 10 0.09 (0–0.31) 7.52 0.04 0.012 0.02 – –

6 10 0.0035 (0–0.028) <LOD <LOD 0.00045 0.0005 – –

7 10 0.28 (0–0.88) 1.63 0.5 0.03 0.03 – –

8 5 0.30 (0–1.43) 4.68 0.3 0.03 0.04 – –

9 10 1.13 (0.11–3.96) 0.19 0.7 0.12 0.1 – –

10 10 1.35 (0.26–2.23) 18.13 0.1 0.18 0.2 0.44 2.4

Note: *displayed as arginine salt for comparison (4 mg perindopril erbumine bioequivalent to 5 mg perindopril arginine).

Abbreviations: M/P ratio, milk-to-plasma ratio; RID, relative infant dose; TID, theoretical infant daily dosage; LOD, limit of detection.

Table 1 Maternal Participant Data

Characteristics Maternal Participant

1 2 3 4 5 6 7 8 9 10

Total daily dose

(mg)

20 (as

arginine

salt)

8 (as

erbumine

salt)

5 (as

arginine

salt)

4 (as

erbumine

salt)

8 (as

erbumine

salt)

10 (as

arginine

salt)

8 (as

erbumine

salt)

5 (as

arginine

salt)

8 (as

erbumine

salt)

10 (as

arginine

salt)

*Equivalent dose

of arginine salt

10 5 10 10 10

#Postpartum

status (days)

25 119 33 39 51 8 100 106 30 34

Body weight (kg) 57 90 70–72 65 140 100 85 73 70 85

Height (cm) 152 160 154 162 175 168 162 155 175 161

Age (years) 24.5 36.6 37.5 42.6 30.1 36.4 45.7 38.1 31.0 33.4

Paired infant

participants

Yes Yes Yes

Infant sex (M or F) F M F

Infant age (days) 119 39 35

Notes: *4 mg perindopril erbumine bioequivalent to 5 mg perindopril arginine. #Postpartum status approximately reflects the duration of maternal perindopril therapy. All

mothers were commenced on perindopril within 3 days of delivery.
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the optimal method for evaluating infant exposure.18

Specialised lactation references refer to parameters such as

M/P, RID, TID, infant plasma concentrations and adverse

effects in order to determine potential safety.16,19-22 Our

study assists clinical decision-making in mothers diagnosed

with a hypertensive disorder in the post-partum period,

where treatment with perindopril is being considered, by

providing an assessment of infant exposure via breast milk

using the parameters described above.

Breast milk concentrations of perindopril and perindo-

prilat varied among the 10 maternal participants in our

study. Overall, the low or undetectable concentrations of

perindopril in breast milk can be attributed in part to

relatively low exposure and accumulation of the parent

compound in plasma due to its short plasma half-life (0.-

8–1 hrs) and extensive hepatic metabolism.23 The rela-

tively higher breast milk concentrations of perindoprilat

were anticipated, due to pharmacokinetic parameters

favouring transfer: low protein binding (10–20%), low

molecular weight (368.5 free acid form), and long half-

life (30–120 hrs).16,23 Our findings are consistent with

published literature for other ACE inhibitors (captopril,

enalapril, quinapril), which have reported low or undetect-

able concentrations in breast milk.24–28 In contrast to these

studies, breast milk concentrations of the active metabolite

were detectable in several of our participants.23

Strengths and Limitations
Milk to plasma (M/P) ratios less than one are generally

indicative of a low extent of transfer into breast milk.16 We

reported M/P ratios of less than one for perindopril and

perindoprilat in all but one participant. The higher M/P

ratio for perindoprilat in this participant could be

explained by the prolonged 29 hour interval between sam-

pling and previous dose administration, due to an uninten-

tional dose omission. However, M/P ratios in isolation are

considered to be of limited use as they do not provide an

indication of the absolute quantity of drug delivered to the

breastfed infant, which may be negligible and clinically

insignificant.16

The RID for perindopril and perindoprilat was 0.0005–-

0.2% and 0.03–4.6%, respectively, with values of less than

10% generally regarded as compatible with breastfeeding.16

Our results are consistent with those reported for other ACE

inhibitors: enalapril 0.16%/enalaprilat 0.08%,19 captopril

0.014%19 and quinapril 1.6%.19 It is important to consider

the relative toxicity when assessing breastfeeding suitability,

as some drugs are inappropriate despite a low RID (e.g. cancer

chemotherapy). It is noteworthy that the TID of perindopril

(0.00045 to 0.18 µg/kg/day) is considerably lower than an

adult dose of approximately 0.14 mg/kg/day, based on

a 70 kg person taking 10 mg of perindopril arginine.

A slightly higher TID was calculated for perindoprilat

(0.032–5.4 µg/kg/day); however, the low oral bioavailability

in adults (25%), indicates the potential for limited absorption

by the breastfed infant.23

Although TID and RID are useful to estimate breastfed

infant exposure, infant plasma concentrations are arguably

the most direct method. Plasma concentrations of perindo-

prilat were detected in two of the three infants (5.28 and

Table 3 Estimated PK Parameters of Perindoprilat in Breast Milk

Participant Parameters

Breast Milk

Concentration Mean

(range), ng/mL

Maternal Plasma

Concentration

(ng/mL)

M/P TID

(Micrograms/

kg/d)

RID

(%)

Infant Plasma

Concentration

(ng/mL)

Infant/

Maternal

Plasma Ratio

(%)

1 0.42 (0–1.44) 7.32 0.2 0.68 0.06 – –

2 36.83 (33.12–38.7) 44.58 0.7 5.40 4.6 5.28 11.8

3 17.42 (13.56–23.88) 30.06 0.8 2.43 2.1 – –

4 13.22 (4.08–27.3) 28.44 1.0 1.53 1.3 10.14 35.7

5 9.89 (6–13.02) 9.48 1.0 1.43 1.2 – –

6 1.49 (0–3.96) 19.98 <LOD 0.26 0.2 – –

7 0.44 (0–1.8) 24.78 <LOD 0.07 0.06 – –

8 0.41 (0–2.1) 11.28 <LOD 0.032 0.03 – –

9 3.19 (2.7–3.78) 0.72 5.2 0.47 0.4 – –

10 3.64 (2.88–5.1) 12.48 0.25 0.50 0.4 <LOD –

Abbreviations: M/P ratio, milk-to-plasma ratio; RID, relative infant dose; TID, theoretical infant daily dosage; LOD, limit of detection.
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10.14 ng/mL). However, these were single plasma samples

taken at a time approximately in the range of maternal peak

plasma concentration. Peak plasma concentrations of peri-

ndoprilat in adults are known to increase linearly with dose.

In adult pharmacokinetic studies involving perindopril erbu-

mine, peak perindoprilat concentrations were 19.6 pmol/L

(6.67 ng/mL), 44.5 pmol/L (15.15 ng/mL) and 107 pmol/L

(36.42 ng/mL) on daily doses of 2 mg, 4 mg and 8 mg,

respectively.23 Of interest, the mother of the breastfed infant

with undetectable perindoprilat in plasma (participant 10)

was taking the general adult maximum dose of 10 mg daily,

which was double the dose taken by another participant with

detectable infant concentrations (participant 4), possibly

indicating the potential for interpatient pharmacokinetic or

genetic variability. Perindoprilat concentrations of 2–3 pmol/

L (0.68–1.02 ng/mL) are required to achieve an antihyper-

tensive effect in adults.23 Perindopril is currently not used to

manage hypertension in infants and therefore the plasma

concentration required for therapeutic or toxic effects has

not been established. While the absence of maternally

reported acute adverse effects in the infants, accompanied

by normal growth and development assessments is reassur-

ing, further characterisation in a larger sample size of infants

of mothers receiving perindopril while breastfeeding is

required.

There are several limitations to our study. Firstly, the

sample size was limited to 10 maternal and 3 infant partici-

pants, which may not accurately reflect variations in popula-

tion pharmacokinetics and other parameters. However, this is

a relatively large sample (total of 79 breast milk samples) in

the context of comparable breastfeeding studies involving

ACE inhibitors. Recruitment of infants was challenging;

many were ineligible due to prematurity (which is associated

with maternal hypertensive conditions), they were not exclu-

sively breastfed or because consent for plasma samples was

declined due to maternal reluctance over the perceived inva-

sive nature of sampling. Secondly, due to logistical practi-

calities in the timing of sample collection, maternal and

infant plasma samples were mostly, but unintentionally,

taken at peak maternal dose concentration (2 to 4 hrs after

last dose). It would have been preferable to have taken multi-

ple plasma samples paired with breast milk samples over the

dosing interval. Thirdly, breast milk samples were collected

in the home environment and were reliant on participant

recording of collection times. We attempted to control for

this through the provision of detailed instructions and data

collection labels were provided to reduce variability and

improve reliability. Fourthly, a single maternal plasma

sample was taken for each participant over the study period;

therefore, M/P ratios were calculated from a single time point

and would be subject to greater variation. Finally, we did not

undertake an objective measurement of adverse effects on the

breastfed infants. This was a considered decision as it is

difficult to obtain clinically meaningful data for non-

invasively measured infant blood pressure and heart rate at

a single time point in such a small sample size. In addition,

assessment of renal function and blood glucose concentra-

tions was deemed to be too invasive and unlikely to yield

relevant data, based on extrapolation from other ACE inhi-

bitor breastfeeding studies.

Conclusion
We believe our study is the first to report on the excretion

of perindopril and its active metabolite into breast milk,

and supports therapeutic decision-making for both women

and clinicians. Overall, infant exposure to perindopril and

perindoprilat through breast milk appears to be relatively

low. However, while our study found undetectable plasma

concentrations in one infant, the remaining two infants

had single point perindoprilat plasma samples, taken at

the time of maternal dose peak concentration, whose con-

centrations were equivalent to therapeutic peak plasma

concentrations in adults and exceeded the plasma concen-

trations required to exert an antihypertensive effect in

adults. Further studies, with a larger number of infant

plasma samples are sought to validate our findings. The

decision to treat a breastfeeding woman with perindopril

should be made with careful consideration of the benefit

of maternal treatment and assessment of potential risks to

the infant. Given the known maternal and infant benefits

of breastfeeding, we believe that perindopril could be

used safely in mothers of healthy term infants, with care-

ful monitoring of the infant for sedation, growth, poor

feeding, weight gain and developmental milestones, if

there are concerns over maternal non-adherence to treat-

ment and therefore significant advantages for once daily

dosing.

Details of Ethics Approval
The ethics application of Evaluation of Medicines in

Breast Milk and Clinical Effects in the Breastfed Infant

(HREC/14/WCHN/115) was granted full ethics approval

on 12th Nov, 2014. The ethics application meets the

requirements of the National Statement on Ethical

Conduct in Human Research and the study was conducted

in accordance with the Declaration of Helsinki.
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