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Table S1. Input data for the full maternal-fetal physiologically-based pharmacokinetic (PBPK) 

model for buprenorphine. 

Parameter Value 
Physicochemical  
  Molecular weight (g/mol) 467.6 [1] 
  LogP 4.98 [2] 
  Compound type Ampholyte [2] 
  pKa (acid; phenol) 9.62 [2] 
  pKa (base; amine) 8.31 [2] 
Blood binding  
  Blood-to-plasma ratio 1 [3] 
  fu, plasma 0.04 [4] 
  Plasma binding components AGP [5] 
Gastrointestinal tract absorption 
(first order model)  

  fa 1a 
  ka (h-1) 0.016 [6] 
  Lag time (h) 0.22 [6] 
  fu, gut 0.4 [6] 
  Qgut (L/h) 16.8b 
  Peff, man (10-4 cm/s) 6.83b 
  Caco-2 7.4:7.4 (10-6 cm/s) 66.7 [7] 
Lungc absorption (first order 
model)  

  fa 1a 
  ka (h-1) 1 [6] 
  Proportion of dose  
    inhaledcsublingual tablet (%) 

0.754 × (38.1 – 
19.7 × log(Dose))d 

  Proportion of dose 
    inhaledcsublingual solution (%) 

0.754 × (53.3 – 
25.6 × log(Dose))d 

Maternal distribution (full PBPK 
model)  

  Tissue-to-plasma partition 
    coefficients (Kp) 

 

    Adiposee 17.800 [5] 
    Bonef 1.603 [5] 
    Brainf 19.206 [5] 
    Gutg 2.252 [5] 
    Heartf 1.714 [5] 
    Kidneyg 6.372 [5] 

    Liver 4.742h 
    Lungf 3.921 [5] 
    Musclef 0.905 [5] 
    Pancreasf 3.016 [5] 
    Skin 3.500 [8] 
    Spleenf 2.286 [5] 
    Feto-placenta 2.914h 
Fetal distribution (full PBPK model)  
  Kp values calculated as described by  
    Rodgers and Rowland (method 2) [9,10]. 
  Kp scalar 0.26819i 
Elimination  
  CYP2C8  
    Vmax (pmol/min per mg protein) 176.3 [11] 
    Km (μM) 12.4 [11] 
  CYP3A4  
    Vmax (pmol/min per mg protein) 520 [11] 
    Km (μM) 13.6 [11] 
  UGT1A1  
    Vmax (pmol/min per mg protein) 2870 [12] 
    Km (μM) 66.4 [12] 
  UGT1A3  
    Vmax (pmol/min per mg protein) 286 [12] 
    Km (μM) 202 [12] 
  UGT2B7  
    Vmax (pmol/min per mg protein) 173 [12] 
    Km (μM) 13.8 [12] 
  UGT2B17  
    Vmax (pmol/min per mg protein) 172 [12] 
    Km (μM) 9.6 [12] 
  fu, mic 0.1 [13] 
CLrenal (L/h) 0.54j 
CLbiliary (μl/min per million 
hepatocytes) 51 [14] 

Transport  
  Placenta  
    CLPDM (L/h/mL placenta) 0.1166k 
    CLPDF (L/h/mL placenta) 0.1166k 

AGP, α1-acid glycoprotein; CLbiliary, biliary clearance; CLPDM, clearance between maternal blood and placenta 
cell; CLPDF, clearance between placenta cell and fetal blood; CLrenal, renal clearance; CYP, cytochrome P450; fa, 
fraction absorbed; fu, gut, fraction unbound in enterocytes; fu, mic, fraction unbound in in vitro microsomal 
incubation; fu, plasma, fraction unbound in blood plasma; ka, first-order absorption rate constant; Km, Michaelis-
Menten constant; Peff, man, human jejunum effective permeability; Qgut, nominal flow in gut model; UGT, UDP-
glucuronosyltransferase; Vmax, maximum metabolic rate. 
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aAssumed value. bSimcyp predicted value. cThe sublingual route of administration is not available in Simcyp; 
sublingual absorption is therefore mimicked by employing the first-order inhalation model in combination with 
the inhaled route of administration. dFormula described by van Hoogdalem et al. [6], multiplied by 0.754 to 
correct for lower salivary pH during pregnancy; more details are provided in this publication. Dose is in mg and 
logarithm base is 10. The value is calculated manually and the computed proportion is then entered into the first-
order inhalation model. Note that a coefficient of variation (CV) of 33.9% is applied to the administered dose to 
reflect variability in bioavailability. e,f,gReported radioactivity at 24, 8, and 1 h post-injection was used for 
calculation, respectively. Note that these are base values that need to be multiplied by gestational age-dependent 
Kp fold-differences reported in the main text. hCalculated as described by Rodgers and Rowland (method 2 in 
Simcyp) [9,10], with a Kp scalar of 0.26819 applied. iKp scalar of 0.26819 was empirically obtained by assessing 
which Kp scalar is needed to recover volume of distribution at steady-state (Vss) of 6.23 L/h, the base model’s 
default value [6], when all maternal Kp values are calculated following method 2. jCalculated by Johnson et al. 
[14] based on a mass balance study where 1% was excreted unchanged in urine [15], with total plasma clearance 
of 54.1 L/h [3]. kPlacenta diffusion clearances at term (40 weeks gestational age); estimated in Simcyp using 
buprenorphine’s hydrogen bond donor (HBD; count = 2) [1] and polar surface area (62.2 Å2) [1] 

Information (see for more details main text).   
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Figure S1. Fold-differences in buprenorphine tissue-to-plasma partition coefficients (Kp) for the 

organs and tissues included in the maternal section of the maternal-fetal physiologically-based 

pharmacokinetic (PBPK) model as a function of gestational age. Kp values were calculated as 

described by Rodgers and Rowland (method 2 in Simcyp) [9,10]. 
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Figure S2. Recovery of buprenorphine in saliva across salivary pH. Open circles represent data 

reported by Mendelson et al [16]. Dashed line with gray shaded area represent linear regression 

with 95% confidence interval, respectively, where the coefficient of determination (R2), p value, 

and linear regression model are denoted in the lower left corner. Blue solid line represents the 

linear regression line originally reported by Mendelson et al [16].
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Table S2. Predicted and observed buprenorphine pharmacokinetic parameters following 

administration of sublingual tablets (8 mg twice daily) during pregnancy. 

Clinical trial Gestational age n Mean age 
(years)  AUC0–12h 

(ng×h/mL) 
CL/F 
(L/h) 

Cmax 
(ng/mL) Tmax (h) 

Zhang et al. [17,18] 22 weeks 
(second trimester) 

4 27.3 Predicted 

Observed 

P/O ratio 

17.6 

15.4 

1.14 

622.7 

520.0 

1.20 

3.35 

3.80 

0.88 

0.73 

1.00 

0.73 

Zhang et al. [17,18] 33.9 weeks 
(third trimester) 

4 27.9 Predicted 

Observed 

P/O ratio 

15.5 

12.4 

1.25 

701.5 

644.8 

1.09 

3.08 

2.62 

1.17 

0.74 

0.47 

1.58 

Zhang et al. [17,18] Postpartum 
(7.4 weeks 

following childbirth) 

10 28.6 Predicted 

Observed 

P/O ratio 

26.4 

27.9 

0.95 

357.3 

286.4 

1.25 

5.14 

5.40 

0.95 

0.99 

0.91 

1.09 

AUC0-12h, area under the curve from 0 to 12 hours; CL/F, apparent clearance; Cmax, peak concentration; P/O 
ratio, ratio between predicted and observed value; Tmax, time to reach Cmax. 
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Figure S3. Maternal-fetal physiologically-based pharmacokinetic (PBPK) model-based predicted 

and observed maternal and fetal buprenorphine plasma concentrations at delivery in mother-fetus 

dyads grouped together if mothers received the same buprenorphine dosing regimen. Individual 

doses are shown in the lower left corner of each figure subsection. Closed red circles represent 

observed buprenorphine concentrations in maternal and umbilical cord blood reported by (a) Bartu 

et al. [19] and (b–d) Wiegand et al. [20]. Simulated concentration-time profiles with 5th to 95th 

population percentile ranges (n = 100 mother-fetus dyads) were created either under the 

presumption that the proportion of the administered dose sublingually absorbed by the expectant 

mother equals 0.754 × (38.1 – 19.7 × log(Dose)), which is the default absorption extent in the 

maternal-fetal PBPK model for sublingual tablets (shown in blue and green for maternal and fetal 

concentrations, respectively), or with the degree of maternal sublingual absorption optimized 

(across a range of 0.1–99.9%) post hoc to capture the reported maternal concentration-time point 

as accurately as possible, followed by averaging the individual profiles of the same dosing regimen 

(shown in grayscale).  
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Figure S4. Goodness-of-fit plots for the maternal-fetal physiologically-based pharmacokinetic 

(PBPK) model for buprenorphine, showing (a,b) time between last dose and sampling vs. the ratio 

between maternal predicted and observed concentrations (concentration folddifference) and (c,d) 
time between last dose and sampling vs. fetal concentration fold-differences. Concentrations were 

predicted either (a,c) under the presumption that the proportion of the administered dose 

sublingually absorbed by the mother equals 0.754 × (38.1 – 19.7 × log(Dose)), which is the default 

absorption extent in the maternal-fetal PBPK model for sublingual tablets, or (b,d) with the degree 

of maternal sublingual absorption optimized (across a range of 0.1–99.9%) post hoc to capture the 

reported maternal concentration-time point as accurately as possible. Blue circles (●) and green 

diamonds (◆) represent concentration fold-differences obtained from maternal and fetal 

concentration-time data reported by Bartu et al. [19] and Wiegand et al. [20], respectively. Dotted 

lines represent the 2-fold prediction error range. Curved dashed lines represent locally estimated 

scatterplot smoothing (LOESS) curves. 
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Figure S5. Sensitivity of the maternal-fetal physiologically-based pharmacokinetic (PBPK) 

model-based predicted maternal apparent clearance (CL/F) to changes in enzyme abundance. All 

maternal pregnancy-associated enzyme induction profiles were disabled in Simcyp, and enzyme 

abundance was manually changed in the population file to investigate the effect on CL/F. The 

effect of enzyme abundance on maternal CL/F is a marker of the effect pregnancy-associated 

enzyme induction profiles have. 
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