Supplemental Material

Detailed Method

The data that support the findings of this study are available from the corresponding author upon reasonable request.


Participants
The present study was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from all women prior to tissue collection, under ethical approval by the North West - Greater Manchester West Research Ethics Committee (15/NW/0829). Women with multiple blood pressure recordings >135/85 mmHg had a diagnosis of hypertension. Only singleton pregnancies were recruited. Women with medical co-morbidities, including pre-existing hypertension, preeclampsia, type 1 diabetes, congenital abnormalities and renal diseases, were excluded from the healthy pregnancy control cohort group. The hypertensive cohort group included women with a clinical diagnosis of hypertension pre-pregnancy, before 20 weeks of pregnancy, preeclampsia or gestational hypertension, as defined according to the International Society for the Study of Hypertension in Pregnancy (ISSHP)(4); congenital abnormalities and type 1 diabetes were excluded. The hypertensive cohort was divided into the unmedicated group and into groups according to the relative antihypertensive administered during pregnancy. Pregnant women with arrythmia, congenital and acquired cardiac disease, were normotensive and therefore considered as a separate cohort group.

Tissue samples and myography
Placental biopsies were collected into ice-cold physiologic salt solution (PSS; in mM, 117 NaCl, 25 NaHCO3, 4.69 KCl, 2.4 MgSO4, 1.6 CaCl2, 1.18 KH2PO4, 6.05 glucose, 0.034 EDTA; pH 7.4) within 30 min of delivery. CPAs branching from umbilical arteries across the surface of the chorionic plate and of approximate resistance artery size (diameter < 500 µm) were identified macroscopically from the point of umbilical cord insertion and isolated, as previously described (22). The vessels were mounted onto two 40 μm steel wires and immersed in 6 mL of PSS maintained at 37 °C in a myograph chamber (Model 620 M, Danish MyoTechnologies, Hinnerup, Denmark). CPAs were normalized to an internal diameter of 0.9 L 5.1 kPa, in accordance with Mulvany’s normalization procedure and gassed at 5%CO2/5% oxygen/90%nitrogen throughout all experiments. Vessels with diameters > 500 µm were excluded from the study. 

Vasoactive experiments
CPAs were allowed for equilibration for 20-30 min prior to experimentation. Functional viability was assessed by exposure to 120 mM KCl in PSS (KPSS, equimolar substitution of KCl for NaCl); vessels that did not respond to KPSS were excluded from the study. After washing twice with PSS, a concentration-response curve to the thromboxane mimetic U46619 (10−10–2 × 10−6 M) was obtained and was used to calculate the EC80 concentration of U46619. Steady-state, submaximal pre-constrictions with EC80 U46619 were obtained. 
To compare the relative effect of antihypertensives and cardioprotective medications on the vascular tone of CPAs, experimental dose ranges for amlodipine, nifedipine, labetalol, methyldopa and doxazosin were set based on known fetal venous plasma concentrations (Table S1). Dose ranges for bisoprolol and nebivolol were estimated based on the assumption that fetal plasma levels of these drugs are half of the maximal maternal dose (Table S1). The relative effect of medications was assessed ex vivo on CPAs isolated from normotensive women at 8-10 min intervals at least, or until a stable response was achieved.
To assess the in vivo effect of either maternal hypertension or chronic exposure to medications on the vasorelaxant capacity of CPAs, the nitric oxide (NO) donor, sodium nitroprusside (SNP) was applied to the myography bath in a cumulative fashion (10−10–10−5 M, at 2-5 min intervals) on vessels obtained from women with unmedicated or medicated hypertension. 

Chemicals
Chemicals used in this study were purchased from Merck Chemicals, Gillingham, UK, unless otherwise stated. U46619, bisoprolol (Cambridge Bioscience, Cambridge, UK), nebivolol, doxazosin, nifedipine and amlodipine were applied to the myography bath from frozen small aliquots of stock solutions; methyldopa (Cambridge Bioscience, Cambridge, UK), labetalol and SNP stock solutions were prepared daily. All drugs were kept on ice in lightproof vials and further diluted in PSS as required.


Data and statistical analysis
Tension of CPAs was measured using Myodata 2.02 software (National Instruments Corporation, Austin, Texas). Data were assessed for normality using the Kolmogorov-Smirnov normality test. Where applicable, data were log transformed prior to statistical analysis. Where data transformation was not applicable, statistical analysis was performed by Kruskall-Wallis test followed by Dunn’s multiple comparisons test (GAPD, in Table 1; DBP in Table S1). Differences between groups were analysed by 1- or 2-way ANOVA using Prism 8 software (GraphPad Software Inc, La Jolla, CA, USA), multiple comparison tests, as required. Concentration-responses to SNP and medications are expressed as percentage level of constriction remaining from the pre-constriction achieved with the U46619 EC80 dose. For the acute effect of medications tested on CPAs isolated from the placenta of normotensive women, treated and the relative control groups were compared by Šídák's multiple comparisons test. For arteries chronically exposed to maternal hypertension or medications, responses to KPSS and U46619 are expressed in kPa and constriction between groups are compared by Tukey’s multiple comparison tests. All data are expressed as mean ± SEM Statistical significance was defined as P < 0.05. 



Supplemental tables

Table S1
Evaluation of the pharmacokinetics of placental transfer of antihypertensives in human and derivation of experimental dose ranges
	AHs

	Administered dose
	Maternal plasma concentration
	Fetal venous plasma concentration
	Fetal:maternal plasma ratio
	Maximum prescribed dose 
	Dose ranges 

	Labetalol
(23,24)
(1, 2)
	150 - 450mg/day
	111ng/mL*
1000ng/mL§
	49ng/mL*
	0.44
	80 mg/day
	10-8 - 10-4 M


	Nifedipine
(25, 26)
(3, 4)

	20+20mg/day


30 - 150mg/day 
	26.4ng/mL#

6.5 – 148ng/mL
20ng/mL*
	12ng/mL#
57 ng/mL§
0.2 - 57ng/mL
13ng/mL*
	0.53


0.77
	90 mg/day
	10-9 - 10-5 M


	Amlodipine
(27)
(5)

	5mg/day
	1.3 ng/mL*
2.0§
	0.5ng/mL*
	0.38
	10mg/day
	10-10 - 10-5 M


	Doxazosin
(28)
(6)
	6+2mg/day
	48ng/mL*
	40ng/mL*
	0.8
	16mg/day
	10-9 - 10-5 M


	Methyldopa
(29)
(7)

	0.75 - 2.0g/day
	0.2 - 2.9μg/mL
	0.1 - 1.8μg/mL
	0.94 (free)

	3g/day
	10-8 - 10-4 M


	Bisoprolol
(30)
(8)
	5mg
Single dose
	31ng/mL§
	15.5ng/mL
	Assumed 0.5
	5mg/day
	10-10 - 10-5 M


	Nebivolol
(31)
(9)
	20mg
Single dose
	500pg/mL§
	250pg/mL
	Assumed 0.5
	10mg/day
	10-11 - 10-7 M



Concentrations are expressed as *mean, #median or §peak values.




Table S2. Demographics of study participants


	
	Total
(N=107)
	NP
(N=28)

	Unmed.
HTN
(N=17)

	Amlodipine
(N=9)

	Nifedipine
(N=10)

	Labetalol (N=18)

	Labetalol + CCBs (N=12)

	Bisoprolol
(N=13)
	P-Value

	
Age 

BMI

Ethnicity
Black
Other
Oth Asian
Sth Asian
White

Smoker
Never Current Stopped
< 1yr before conception
Stopped
>1 yr before conception
Stopped after conception
Uknown


Multiparous

Onset of labour
Induced
Pre-labour Caesarean

Mode of delivery    
Spontaneous vaginal
Assisted vaginal
Caesarean section

	
34 (32-38)

29 (24-35)


17 (16%)
11 (10%)
5 (5%)
13 (12%)
61 (57%)


91 (85%)
8 (7%)
1 (1%)


3 (3%)


2 (2%)


2 (2%)


80 (75%)



30 (28%)         
77 (72%)




12 (11%)

5 (5%)

90 (84%)


	
34 (32-38)

26 (23-30)


2 (7%)
5 (18%)
2 (7%)
5 (18%)
14 (50%)


26 (93%)
    1 (4%)
    0 (0%)


1 (4%)
	

	     0 (0%)


	 
     0 (0%)

	    

	  
    24 (86%)


	



     0 (0%) 
28 (100%)


      

0 (0%)

0 (0%)

28 (100%)

	
33 (31-38)

27 (24-33)


     2 (12%)
	  2 (12%)

	  1 (6%)

	  1 (6%)

	11 (65%)




15 (88%)
1 (6%)
0 (0%)


0 (0%)


0 (0%)


1 (6%)


14 (82%)



6 (35%)
11 (65%)




0 (0%)

0 (0%)

17 (100%)


	
36 (36-39)

35 (33-36)


4 (44%)
	0 (0%)

	0 (0%)

	1 (11%)

	4 (44%)




6 (67%)
2 (22%)
0 (0%)


0 (0%)


1 (11%)


0 (0%)


6 (67%)



7 (78%)
2 (22%)




3 (33%)

2 (22%)

4 (44%)

	
33 (28-35)

38 (22-46)


3 (30%)
0 (0%)
1 (10%)
1 (10%)
5 (50%)


8 (80%)
1 (10%)
1 (10%)


0 (0%)


0 (0%)


0 (0%)


	7 (70%)


	

	    4 (40%)
6 (60%)


	




2 (20%)

1 (10%)

7 (70%)

	
35 (31-40)

32 (24-38)


0 (0%)
	2 (11%)

	0 (0%)

	1 (6%)

	15 (83%)



      
15 (83%)
2 (11%)
0 (0%)


0 (0%)


0 (0%)


1 (6%)


10 (56%)



8 (44%)
10 (56%)




4 (22%)

1 (6%)

13 (72%)

	
34 (33-37)

32 (28-39)


5 (42%)
	1 (8%)

	1 (8%)

	2 (17%)

	3 (25%)




12 (100%)
0 (0%)
0 (0%)


0 (0%)


0 (0%)                                 


0 (0%)


9 (75%)



2 (17%)
10 (83%)




2 (17%)

0 (0%)

10 (83%)

	
34 (32-36)

29 (26-33)


  1 (8%)
	1 (8%)

	0 (0%)
2 (15%)

	9 (69%)

	
9 (69%)        1 (8%)
0 (0%)

    2 (15%)

     1 (8%)

	



0 (0%)


10 (77%)



3 (23%)
10 (77%)




1 (8%)

1 (8%)

11 (85%)

	
    0.45

   0.039

     0.17






     0.18














      0.39

  <0.001





   0.014



	
	
	
	
	
	
	
	
	
	



Maternal age (years) and pre-pregnancy body mass index (BMI, kg/cm2) are shown as median and interquartile range (IQR); maternal ethnicity, smoker at conception, parity, onset of labour and mode of delivery are shown as number, n, and percentage (%).


Table S3. Total daily dosage (mg/day) and duration of drug administration (days) until delivery day


	Cohort
	Dose (total mg/day)
	Duration (days)

	
Amlodipine (N=9)

	
10 [5 - 10]

	
164.0 [36 - 288]


	Nifedipine (N=9)

	40 [20 - 40]

	33.5 [7 - 150]


	Labetalol (N=18)

	600 [200 - 1200]

	40.5 [7 - 215]


	Labetalol (when + CCBs; N=12)

CCBs (when + Labetalol; N=12)

	600 [200 - 1600]

10 [5 - 80]
	45.0 [9 - 251]

69.0 [10 - 494]

	Bisoprolol (N=13)
	3.75 [2.5 – 10.0]

	182.0 [42 - 649]


	
	
	



Data are expressed as median and [range].

Table S4. Sensitivity of chorionic plate arteries to cumulative dose additions of U46619 and sodium nitroprusside.


	[bookmark: OLE_LINK8]Cohort
	        U46619
	         SNP

	
NP       

Unmedicated HTN

Amlodipine

	
-7.537 ± 0.073 

-7.464 ± 0.069      
                                

-7.479 ± 0.131

	
-7.569 ± 0.141

-7.315 ± 0.109


-7.031 ± 0.215


	Nifedipine

	-7.451 ± 0.040

	-7.091 ± 0.169


	Labetalol

	-7.488 ± 0.074

	-7.185 ± 0.139


	Labetalol + CCBs

	-7.516 ± 0.070

	-6.909 ± 0.152*


	Bisoprolol
	-7.425 ± 0.076

	-7.200 ± 0.137





LogEC50 is the logarithm of the molar concentration of U46619 or SNP causing 50% of the maximal constriction or relaxation, respectively, in chorionic plate arteries isolated from the placenta of women with normal pregnancy (NP), hypertension unmedicated (HTN) or medicated (see Results in the main text). Groups are compared by 1-way ANOVA. *P < 0.05, labetalol + CCBs vs NP; Dunn’s multiple comparison tests. All data are mean ± SEM.
Supplemental Figures and Figure Legends



[image: ]
Figure S1: Acute effect of nifedipine on chorionic plate arteries ex vivo. Cumulative concentration-response curve for nifedipine on pre-constricted fetoplacental arteries. Curves are compared by 2-way ANOVA; P values are the overall effect vs control. N=8 per group. ****P <0.0001; Šídák's multiple comparison tests.
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[bookmark: OLE_LINK4]Figure S2. Effects of hypertension and Ca2+ channel blocker exposure in women with hypertension (with the exclusion of preeclampsia cases) on chorionic plate artery vascular responses. Vasoconstriction in response to 120 mM KCl (A, D), and U46619 (B, E); vasorelaxation in response to sodium nitroprusside (SNP; C, F), in chorionic plate arteries isolated from the placenta of women with normal pregnancy (NP), unmedicated hypertension (HTN) and medicated with either amlodipine (A, B, C) or nifedipine (D, E, F). Cases of pre-eclampsia are not included in the groups. Groups are compared by 1-way ANOVA (A, D) or 2-way ANOVA (B, C, E, F); P values on the graphs are the overall effect. #P < 0.05, ###P < 0.001, ####P < 0.0001, HTN vs NP; *P < 0.05, **P < 0.01, amlodipine or nifedipine vs NP; Tukey’s multiple comparison test.
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[bookmark: OLE_LINK6]Figure S3. Effect of labetalol exposure in women with hypertension (with the exclusion of preeclampsia cases) on chorionic plate arteries. Vasoconstriction in response to (A) 120 mM KCl, and (B) U46619; (C) vasorelaxation in response to sodium nitroprusside (SNP), in chorionic plate arteries isolated from the placenta of women with normal pregnancy (NP), hypertension unmedicated (HTN), and medicated with labetalol. Cases of pre-eclampsia are not included in the groups. Groups are compared by 1-way ANOVA (A) or 2-way ANOVA (B, C); P values on the graphs are the overall effect. #P < 0.05, ##P < 0.01, ###P < 0.001, #### P < 0.0001, HTN vs NP; **P < 0.01, ***P < 0.001, labetalol vs NP; Tukey’s multiple comparison test.  


[image: ]
[bookmark: OLE_LINK7]Figure S4. Effect of labetalol in combination with Ca2+ channel blocker therapy exposure in women with hypertension (with the exclusion of preeclampsia cases) on chorionic plate arteries. Vasoconstriction in response to (A) 120 mM KCl, and (B) U46619; (C) vasorelaxation in response to sodium nitroprusside (SNP), in chorionic plate arteries isolated from the placenta of women with normal pregnancy (NP), unmedicated hypertension (HTN), and hypertension medicated with labetalol and Ca2+ channel blockers (CCBs, amlodipine, nifedipine). Cases of pre-eclampsia are not included in the groups. Groups are compared by 1-way ANOVA (A) or 2-way ANOVA (B, C); P values on the graphs are the overall effect. #P < 0.05, ###P < 0.001, ####P < 0.0001, HTN vs NP; *P < 0.05, **P < 0.01, labetalol + CCBs vs NP; Tukey’s multiple comparison tests
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