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Abstract

Objective: Few clinical reports have addressed the useedathihypertensive drug

amlodipine during breastfeeding. The objectivehtd study is to characterize concentration—

time profiles of amlodipine in maternal and infafdsma, and milk.

Materialsand Methods: Plasma and breast milk samples were obtained &igirt nursing

mothers and their nine newborn nursing infants (aredostnatal age: 6.5 days, range 5-7

days). Participants were recruited from Februa§92® June 2009. Multiple blood and milk

samples were obtained from the mothers over adizsimg interval. The blood of infants

was also obtained at before and 8 h after nurgingodipine concentrations were

determined by high-performance liquid chromatogyajstelative infant dose was calculated

by dividing the infant’s dose via milk in mg/kg/day the maternal dose in mg/kg/day,

assuming that a daily intake of milk is 150 mL/laydn the infants.

Results: Maximal amlodipine concentrations in mothers ethgom 4.4 to 14.7 ng/mL in

plasma, and 6.5 to 19.7 ng/mL in milk (Average plasma ratio: 1.4). Relative infant

dose was 3.4% of the maternal weight-adjusted ddbplasma concentrations in infants

were under the quantitation limit (0.4 ng/mL).

Conclusion: Infant exposure to amlodipine in breast milk aggevery small, suggesting that

amlodipine can be used with little influence oramf during breastfeeding.



I ntroduction

Pregnancies complicated by hypertensive disoraebacoming more frequent,
partly due to an increase in childbearing age wreltged countries. Some patients continue
to experience hypertension in the postpartum peragliring treatment during
breastfeeding However, information about milk concentrationstédicines, including
antihypertensive drugs, is limited, creating chailes for clinical decision-making regarding
medications for breastfeeding patients. Importaittgcause of the well-established benefits
of breastfeeding, ranging from protection againgdtion to better cognitive developmeént
many professional organizations recommend exclusigastfeeding for at least the first 6
months of lifé.

Methyldopa and hydralazine have been commonly usadrsing women, due to the
availability of clinical data about their concertivas in breast milk’, long experience of
clinical use, and recommendations from various aittitive bodie Both medications are
used only rarely as antihypertension drugs in n@gipant adults because they confer
insufficient antihypertensive effect, require ralaly frequent dosing, and result in multiple
side effects *° Moreover, methyldopa is problematic to use inghstpartum period because
it has side effects such as sleepiness and depme’sst Long-acting antihypertensive drugs,
which cause little fluctuation in blood pressure &w side effects, are commonly used in

general practice. Amlodipine, one of the commoaesihypertensive drugs in Japan, has



fewer side effects and a longer half-life (31-37H&n most antihypertensiés™ enabling
once-daily dosing. However, little information igaglable regarding its secretion into breast
milk***". In this study, we characterized concentrationetprofiles of amlodipine in
maternal plasma and milk over a 24 h dosing intetagarallel, we assessed infant plasma

levels of the drug.

Materialsand M ethods
Subjects of Research

The ethics committees of the National Center foitldCHealth and Development and
the National Institute of Health Sciences apprawesistudy. Participants were recruited
from February 2009 to June 2009. Written informedsent was obtained from all parents.
Subjects included mothers, who took amlodipinerdubreastfeeding and had no
complications other than hypertensive disorderd,thair nursing infants. There were no
restrictions on breastfeeding to infants during 8tudy. Infants were examined by a
neonatologist at day 1 and 5 of life. Neuromotoradepment of all infants were followed by

a neonatologist on a regular schedule until thechd8® months.

Sample Collection Schedule



Five milliliters of heparinized blood samples @30 mL of foremilk were collected
from mothers at 5-7 days postpartum. Sampling sadkesdvere defined based on the time to
maximum concentration in healthy adults (8 h) amdhar’'s schedules as follows: 0, 2, 4, 8,
12, and 24 h post-dose (n=3); 0, 4, 8, and 24 hg¢mse (n=2); or 0 and 8 h post-dose (n=3).
Two mL of heparinized whole blood samples were iolethat before and 8 h after nursing
from infants, who received breast milk obtainedrfritheir mother 8 h after oral amlodipine

administration. Separated plasma and milk wereadtat —80°C until analysis.

Materials

Amlodipine besylate and diphenhydramine were olethifrom LKT Laboratory (St.
Paul, MN, USA) and Sigma-Aldrich (St. Louis, MO, A respectively. Acetonitrile for
liquid chromatography-mass spectrometry (Wako Rremical Industries, Osaka, Japan)
and ultrapure water produced on a Milli-Q Inte@dgdMerck Millipore, Billerica, USA) were
used as the mobile phase of high-performance lignidmatography. All other chemicals

were of the highest grade available.

Analysis of amlodipine in plasma and milk
Concentrations of amlodipine in plasma and milkeveéetermined as reported by

Okabe et al. and Massaroti et al. with slight miodifons® *° Briefly, 300 pl of plasma or



milk was dispensed in tubes, to which 50 ul of wated 20 ng/ml diphenhydramine solution

were added, followed by vortex mixing. To the mnetu200 pl of 1M sodium hydroxide and

100 pul of saturated sodium hydrochloride soluti@revadded, and the mixture was again

vortex-mixed. Then, 5 ml of ethyl acetate/hexangtane (4:1, v/v) was added to tubes, and

amlodipine and diphenhydramine were extractedemtiganic phase by shaking at 150/min

for 15 min. After centrifugation at 1,400g for 20 min at 4°C, the upper phase was

transferred to new tubes, and then evaporatedyteeds under a nitrogen stream at 40°C. The

residue was dissolved in 0.1 ml of mobile phasd,the solution was filtered through

Durapore PVDF 0.1 um (Merck Millipore). Twentyicroliterswere loaded onto an HPLC

system (HP 1100 model) with ESI-MS (G1946D) detectiThe chromatographic conditions

were as follows: column, PC HILIC (4.6 mm x 100 nfdmjseido, Tokyo, Japan) with a

CAPCELL C18 MG S-5 guard cartridge (4.0 mm i.d.Oxr@m) (Shiseido); column

temperature, 40°C; mobile phase, 1 mM ammoniumaée€¢pH 5.0): acetonitrile (10:90);

flow rate, 0.5 ml/min; ESI-MSyVz, 238 for amlodipine and 256 for diphenhydraminiee T

lower limit of quantitation (LLOQ) of this methodas 0.4 ng/ml, and its intermediate

precisions at 2, 5.5, and 20 ng/ml were 9.9%, 1288d 7.7%, respectively, both in milk

and plasma.

Calculation of Milk Plasma Ratio and Relative I nfant Dose



We calculated the milk to plasma (MP) ratio of adntine based on area under the

concentration-time curve in five cases for whomknaihd blood samples were obtained at

more than four time points. Relative infant dostD)Fof amlodipine was calculated by

dividing the infant’s dose via milk in mg/kg/day bye maternal dose in mg/kg/day, using the

maximum amlodipine concentration in milk and asswgra daily milk intake in infants 150

mL/kg/day.

Results

Patient characteristics

The eight nursing mothers (mean age: 33.9 yeangerd23—-43 years), who

received amlodipine (5 mg/day: n=7; 2.5 mg/day:)rdidring breastfeeding, and their nine

newborn infants (median postnatal age: 6.5 dayglea®-7 days), including a pair of twins,

were included in this study. Six mothers receivendoaipine from one or two days

postpartum and two mothers from 1st trimester @rtpregnancy (Tablel). One mother had

preeclampsia and two had gestational hypertenBiemaining five mothers had chronic

hypertension (essential hypertension) before pmegnand two had proteinuria with

superimposed preeclampsia. Mean systolic and dimblood pressures at the beginning of

amlodipine treatment were 156 mmHg (range: 144-+ifiHg) and 89 mmHg (range: 80—

100 mmHg), respectively. Two subjects started aiplod therapy during pregnancy, and six



started 1-2 days postpartum. Blood pressure wasaliazed by 3—4 days postpartum in all

eight mothers, and there were no significant advefects.

Mean weights and gestational ages of the babies 2251 g (range: 1692-3041 g)

and 36.1 weeks (range: 32—40 weeks), respectindlinfants were exclusively

breastfeeding at the time of sample collection.balbies had stable vital signs and developed

normally until the age of 18 months.

Plasma and milk concentrations of amlodipinein nursing mothers

The concentration—time curves of amlodipine in plagnd milk of 5 mothers with

4 or more data points are shown in Fig 1. Amloddmoncentrations reached a peak at about

4-8 h post-dose in plasma and 8 h in milk. Maxiaralodipine concentrations ranged from

4.4 to 14.7 ng/mL and 6.5 to 19.7 ng/mL in plasmd milk, respectively. Average MP ratio

was 1.38 (range, 0.89-2.29) (Tablel).

Plasma amlodipine concentrationsin infants and relative infant dose (RI D)

All plasma concentrations in babies were undelLtt@Q (0.4 ng/mL), which was

lower than 10% of the concentrations in the motki€able 2). Average relative infant dose

(RID) calculated using maximum amlodipine concerdre in mothers was 3.4% (range,

1.56 to 4.32%) (Tablel).
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Discussion

The RID of amlodipine was less than 10% in thiglgt Medications with low
molecular weight, high pKa, low serum protein bimgliand high lipid solubility tend to be
excreted easily into breast milk. Calcium-channetkers, including amlodipine, have high
lipid solubility. The MP ratio of amlodipine obsed in this study was only slightly higher
than 1.0, despite the high lipid solubility, whistay be due to its very high plasma protein
binding®®. However, it is important to recognize that MRaas only an index of drug
concentrations in milk relative to maternal plagmat the maternal dose), and that it does
not necessarily reflect the actual amount of dakgm up by infants. By contrast, RID
provides estimation of the actual amount of drugereed by the baby relative to the maternal
dose. In general, a drug exposure through bredisisraonsidered relatively inconsequential
for dose-dependent effects, if the RID is less tha¥t. The average RID of amlodipine
observed in this study was 3.4% (range, 1.56 t8%)3and no mother showed the higher
RID than 10%.

Although RID is a useful indicator of breastfeagigafety, drug may accumulate in the
infant despite a low RID because drug clearanaefamts, especially in premature infants, is
low compared to that in adults. As a concept, tkgoSure Index (EIl) addresses this crucial
point, incorporating the child’'s clearance, andhhights clinical importance of low drug

clearance in infanté For this reason, medicines with high clearance siort half-life (as a
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surrogate for high clearance) are usually prefeleszhuse they are less prone to

accumulation. In this study, the plasma concermtnatof amlodipine in nursing infants,

including low-birth-weight infants and prematuréaints, were less than the LLOQ (0.4 ng

/mL) in all cases, which were far below its concations in their mothers. This result shows

that there was no significant accumulation of angioe in the plasma of nursing infants.

Although amlodipine has a long half-life (31-37 i)s due to a large distribution volume but

not due to low clearante

There are some limitations in this study. First, measured the breast milk

concentration of amlodipine using foremilk. The centration of amlodipine is lower in

foremilk than in hindmilk because of its lipophitic Consequently, it is possible that we

underestimated the concentration of amlodipiner@ast milk. However, we measured

plasma concentration in infants who took breask mibduced at the time to maximum

concentration, and it was less than the LLOQ icadles. Second, our subjects include

preterm infants. Although preterm infant potengidlave lower drug clearance than full term

infant, our results showed plasma concentratianfants were less than the LLOQ in all

cases.

Conclusion
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The RID of amlodipine was about 3%, and the blomacentration of amlodipine in

infants was under the LLOQ), suggesting that amiadipan be used with little influence on

infants during breastfeeding. Thus, amlodipineseagral advantages, including a sufficient

antihypertensive effect, long duration of actiomg &ewer side effects, and probable safety

during breastfeeding.
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Figurel Plasmaand milk concentration-time profiles of amlodipine in nursing mothers
(n=5)

Note. Plasma and milk concentration-time curve of amlodipine in cases 1 to 5 which
had samples at more than 4 time points. Case 1, 2, 4, 5 received 5mg/day of amlodipine
and case 3 received 2.5 mg/day of amlodipine.
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Table 1. M/P ratio, calculated from area under the curve, and RID of amlodipine, calculated

using maximum milk concentration and average feed volume (150 mi/kg/day) (N=8)

Cases = Dose(mgas = Maternal body Maternal Start date of Dateof blood = M/Pratic® = RID (%)°
amlodipine weight (kg) creatinine administration and milk
besylate) level (mg/dL) amlodipine sampling
(days (days
postpartum) postpartum)
1 5 485 - 2 5 0.89 2.60
2° 5 57.4 0.49 2 7 0.81 2.37
3 25 48.9 0.31 1 7 116 3.89
4 5 52.6 0.53 1 6 1.75 4.32
5° 5 100 0.43 2 7 2.29 4.19
6 5 58.7 - From 1st 5 - 4.06
trimester
7° 5 50.9 0.46 From 1st 7 - 3.78
trimester
8 5 57.3 - 2 6 - 1.56

Note. *M/Pratio: milk/plasma concentration ratio cal culated from area under the curvein cases
for which samples were obtained at more than four time points. ?RID: relative infant dose. ©

Cases 2 and 5 are monochorionic diamniotic twins, case 7 is adichorionic diamniotic twin.



Table 2. Amlodipine concentrations in the plasma of nursing infants (N=9)

Cases Gestational Gestational Start date of | Before 8 hours after
weeks (W) weight (g) administration breastfeeding breastfeeding

amlodipine (days | (ng/mL) (ng/mL)
postpartum)

1 39 2600 2 ND ND

2-1 36 2242 2 ND ND

2-2 36 2058 2 ND ND

3 34 1746 1 ND ND

4 36 2155 1 ND ND

5 34 1840 2 ND ND

6 40 2596 From 1st trimester ND ND

7 36 2012 From 1st trimester ND ND

8 36 2124 2 ND ND

Note. ND; Lower than lower limit of quantitation (0.4 ng/ml). Case 2 is a twin pregnancy;

cases 5 and 7 are each one baby from a set of twins.




		2020-10-21T13:09:52+0900
	東京慈恵会医科大学




