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Table S1. Information on datasets applied for torsemide PBPK-PD modeling. 

Healthy adult 

population 

Reference Description Matrix 

 
Jeong et al 

(2022)* 

A total of 112 male adults (19-29 years) 

Oral administration (5, 10, and 20 mg doses of torsemide) 

CYP2C9 genetic polymorphism in torsemide’s PK 

Serum 

 
Vormfelde et al 

(2004) [1] 

A total of 36 adults (19-68 years) 

Oral administration (10 mg dose of torsemide) 

CYP2C9 genetic polymorphism in torsemide’s PK 

Plasma 

 
Barr et al (1990) 
[2] 

A total of 11 male adults (65-83 years) 

Oral and intravenous administrations (5 mg dose of torsemide) 

Plasma 

 
Kramer et al 

(1994) [3] 

A total of 14 male adults (21-37 years) 

Oral administrations (10 mg dose of torsemide) 

Plasma and 

urine 
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Vargo et al 

(1995) [4] 

A total of 16 adults (8 males and 8 females; 39-81 years) 

Oral and intravenous administrations (10 mg dose of torsemide) 

Plasma 

 
Schwartz et al 

(1993) [5] 

A total of 12 adults (11 males and 1 female; 38-66 years) 

Oral and intravenous oral administrations (10 mg dose of torsemide) 

Plasma and 

urine 

 
Kang et al 

(2013) [6] 
A total of 28 male adults (23.68 ± 1.79 years) 

Oral administration (5 mg dose of torsemide) 

Serum 

 
Barbanoj et al 

(2009) [7] 

A total of 16 adults (7 males and 9 females; 20-32 years) 

Single and multiple (4 repeated dose) oral administrations (10 mg dose of 

torsemide) 

Plasma 

 
Shah et al (2017) 
[8] 

A total of 10 adults (21-45 years) 

Oral administrations (20 mg dose of torsemide) 

Plasma and 

urine 

 
Cho et al (2005) 
[9] 

A total of 28 male adults (average 22.50 years) Serum 
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Oral administration (10 mg dose of torsemide) 

 
Spahn et al 

(1990) [10] 

A total of 7 adults (4 males and 3 females; 24-51 years) 

Intravenous administrations (20 mg dose of torsemide) 

Plasma 

CKD patient 

group 

Reference Description Matrix 

 
Gehr et al (1994) 
[11] 

A total of 24 patients (18 males and 6 females; average 52.8-63.3 years) 

Oral and intravenous administrations (100 mg dose of torsemide) 

Plasma and 

urine 

Cirrhosis patient 

group 

Reference Description Matrix 

 
Schwartz et al 

(1993) [5] 

A total of 12 patients (11 males and 1 female; 38-66 years) 

Oral and intravenous oral administrations (10 mg dose of torsemide) 

Plasma and 

urine 

CHF patient 

group 

Reference Description Matrix 
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Vargo et al 

(1995) [4] 

A total of 16 patients (8 males and 8 females; 39-81 years) 

Oral and intravenous administrations (10 mg dose of torsemide) 

Plasma and 

urine 

 
Vargo et al 

(1994) [12] 

A total of 16 patients (11 males and 5 females; 41-78 years) 

Oral administration (50, 100, and 200 mg doses of torsemide) 

Urine 

 
Ballester et al 

(2015) [13] 
A total of 10 patients (8 males and 2 females; 63.20 ± 12.44 years) 

Oral administration (10 mg dose of torsemide) 

Plasma 

 
Bleske et al 

(1998) [14] 

A total of 12 patients  

Oral administration (100 mg dose of torsemide) 

Plasma and 

urine 

 
Kramer et al 

(1996) [15] 

A total of 8 patients (7 males and 1 female; 44-65 years) 

Intravenous administration (100 mg dose of torsemide) 

Urine 

 Hariman et al 

(1994) [16] 

A total of 38 patients (32 males and 6 females; 27-82 years) 

Intravenous administration (5, 10, and 20 mg doses of torsemide) 

Urine 

* means that individual data have been fully collected and applied.
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Table S2. Information on parameters constituting the PBPK-PD model of torsemide for healthy adults. 

Description Parameter Value Unit Source 

Volume of blood Vbl 5400 mL Literature** 

Volume of lung Vlu 1200 mL Literature** 

Volume of kidney Vki 300 mL Literature** 

Volume of liver Vli 1500 mL Literature** 

Volume of GI-tract Vgi 2400 mL Literature** 

Volume of rest of body Vrb 6.243 х 104 mL Estimated*** 

Blood flow rate of blood vessel Qbl 3.798 х 105 mL/h Literature** 

Blood flow rate to lung Qlu 3.798 х 105 mL/h Literature** 

Blood flow rate to kidney Qki 7.44 х 104 mL/h Literature** 

Blood flow rate to GI-tract Qgi 6.6 х 104 mL/h Literature** 

Blood flow rate to rest of body Qrb 1.524 х 105 mL/h Estimated*** 
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Blood flow rate to liver vein Qlive 1.53 х 105 mL/h Literature** 

Blood flow rate to liver artery Qliar 8.7 х 104 mL/h Literature** 

Partition coefficient to lung Klu 0.23 - Simulated* 

Partition coefficient to kidney Kki 0.15 - Simulated* 

Partition coefficient to liver Kli 0.11 - Simulated* 

Partition coefficient to GI-tract Kgi 0.18 - Simulated* 

Partition coefficient to rest of body Krb 1.03 - Simulated* 

Unbound fraction in plasma or serum Fr 0.05 - Literature** 

Plasma-to-blood cells partition ratio Pr 0.28 - Literature** 

Maximum metabolic rate constant Vmax 1.11 μg/mL/h Literature** 

Michaelis-Menten constant Km 3.90 μg/mL Literature** 

Oral absorption rate constant Ka 5.50 1/h Estimated*** 

Elimination rate constant to urine Ku 18.50 1/h Estimated*** 
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Elimination rate constant in GI-tract  Ke 1.00 1/h Estimated*** 

* indicates values predicted using SimcypTM PBPK Simulator. 

** denotes values derived from references [17-22]. 

*** means values estimated through fitting between observations and model simulation results.
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Table S3. Basic physicochemical parameters of torsemide. 

Parameter Value Source 

Molecular weight (g/mol) 348.4 Literature* 

Log P 0.57 Literature* 

pKa 7.10 Literature* 

* denotes values derived from references [23,24].
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Supplementary Figure captions 

Figure S1. Relationship graph of urinary sodium excretion rate according to urinary torsemide 

excretion rate in (A) healthy adult groups, (B) cirrhosis, and (C) CHF patient groups. R2 and AIC 

mean the model correlation coefficient and model fitting values, respectively. The dark pink and 

light pink regions mean 95% confidence intervals and 95% prediction intervals, respectively. 

Figure S2. Kp values of (A) major tissue and (B) other tissues in humans predicted using SimcypTM 

PBPK Simulator and comparison with previously reported values in rats. 

Figure S3. Plasma or serum concentration profile predicted by the PBPK model and observations 

following single oral (up) or intravenous (down) exposure to torsemide (5, 10, and 20 mg) in 

healthy adult groups. Multicolored dots and black solid line represent individual (or mean) 

observed values and the mean predicted by the model, respectively. 

Figure S4. Plasma or serum concentration profile predicted by the PBPK model and observations 

following multiple oral exposures to torsemide (10 mg) in healthy adult group. Yellow dots and 

black solid line represent observed mean values and the mean predicted by the model, respectively. 

The red area on the graph represents 95% confidence interval. 

Figure S5. Cumulative urinary excretion profile predicted by the PBPK model and observations 

following single oral or intravenous exposure to torsemide (10 and 20 mg) in healthy adult groups. 

Dots (black or red colored) and black solid line represent observed average values and the mean 

predicted by the model, respectively. 

Figure S6. Urinary sodium excretion rate profile predicted by the PBPK-PD model and 

observations following single (A) oral or (B) intravenous exposure to torsemide (5, 10, and 20 mg) 

in healthy adult groups. Black dots represent the observed mean values following oral or 

intravenous exposure of 10 mg torsemide. Black, red, and blue solid lines mean average values at 

5, 10, and 20 mg doses predicted by the model, respectively. 

Figure S7. Comparison graph of dose normalized AUC0-∞ according to phenotypic combinations 

of CYP2C9 and OATP1B1. Comparison between EM and IM in the (A) ET population; (B) 
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Comparison between EM and IM in the IT population; (C) Comparison between ET and IT in the 

EM population; (D) Comparison between ET, IT, and PT in the IM population. *, p < 0.05 by 

Student’s t-test. 

Figure S8. Plasma or serum concentration profiles of torsemide according to CYP2C9 phenotypes 

[(A) EM, (B) IM, and (C) PM] in healthy adult populations (following single oral exposure to 5, 

10, and 20 mg torsemide). Multicolored dots represent individual observed values or mean values. 

Black, red, and pink solid lines mean average values at 5, 10, and 20 mg doses predicted by the 

model, respectively. 

Figure S9. Prediction of (A) the cumulative urinary excretion amount and (B) urinary sodium 

excretion rate of torsemide according to CYP2C9 phenotypes after oral administration of 10 mg 

torsemide. Here, PD prediction (as sodium excretion rate through urine) according to CYP2C9 

phenotype was performed based on the PD model for healthy adults. 

Figure S10. Changes in model parameters by reflecting physiological and biochemical changes 

according to CP-A, CP-B, and CP-C in the cirrhosis patient group. 

Figure S11. Plasma or serum concentration (up) and cumulative urinary excretion (down) profiles 

of torsemide according to severity (as CP-A, CP-B, and CP-C) in cirrhosis patient groups and 

healthy adult group [following single (A) oral or (B) intravenous exposure to 10 mg torsemide]. 

Red dots represent observed mean values (in CP-B). Black, red, and blue solid lines mean average 

values in CP-A, CP-B, and CP-C cirrhosis predicted by the model, respectively. Pink solid line 

means average values in healthy adult group predicted by the model. 

Figure S12. Urinary excretion rate profiles of sodium in CP-B cirrhosis patient group [following 

single (A) oral or (B) intravenous exposure to 10 mg torsemide]. Red dots and solid lines represent 

observed mean values and average values predicted by the model, respectively. Blue and pink 

dotted lines mean E0 values in cirrhotic patients and healthy adult groups, respectively. 

Figure S13. Prediction of urinary sodium excretion rate according to cirrhosis grade (as CP-A or 

CP-B or CP-C) after (A) oral or (B) intravenous administration of torsemide at 10 mg. Cyan and 
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pink dotted lines mean E0 values in cirrhotic patients and healthy adult groups, respectively. 

Figure S14. Changes in model parameters by reflecting physiological and biochemical changes 

according to mild, moderate, and severe CKD. 

Figure S15. Plasma or serum concentration (up) and cumulative urinary excretion (down) profiles 

of torsemide according to severity (as mild, moderate, and severe) in CKD patient groups 

[following single (A) oral or (B) intravenous exposure to 100 mg torsemide]. Dots (red or blue 

colored) represent observed mean values. Black, red, and blue solid lines mean average values in 

mild, moderate, and severe CKD predicted by the model, respectively. 

Figure S16. Changes in model parameters by reflecting physiological and biochemical changes 

according to mild, moderate, and severe CHF. 

Figure S17. Plasma or serum concentration-time profiles of torsemide according to severity (as 

mild, moderate, and severe) in CHF patient groups [following single (A) oral or (B) intravenous 

exposure to 10 or 100 mg torsemide]. Dots (red or blue colored) represent observed mean values. 

Black, red, and blue solid lines mean average values in mild, moderate, and severe CHF predicted 

by the model, respectively. 

Figure S18. Cumulative urinary excretion-time profiles of torsemide according to severity (as mild, 

moderate, and severe) in CHF patient groups [following single (A) oral or (B) intravenous 

exposure to 10-200 mg torsemide]. Dots (red or blue colored) represent observed mean values. 

Black, red, and blue solid lines mean the average values in mild, moderate, and severe CHF 

predicted by the model, respectively. 

Figure S19. Urinary excretion rate profiles of sodium in CHF (A) moderate and (B and C) mild 

or severe patient groups [following single (A and B) oral exposure to 50-200 mg torsemide or (C) 

intravenous administration of 5-20 mg torsemide]. Multicolored dots and solid lines represent 

observed mean values and average values predicted by the model, respectively. 

Figure S20. Relationship graphs between torsemide PKs and PDs in (A) healthy adults, (B) 

cirrhosis (CP-B), and (C) CHF (moderate) patients following oral (left) or intravenous (right) 
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administration of 10 mg torsemide (predicted using the established PBPK-PD model). Three-

dimensional relationship (up) between torsemide plasma (or serum) concentration and urinary 

excretion rate and urinary sodium excretion rate at the same time point are shown. Two-

dimensional relationships (medium and down) between torsemide plasma (or serum) concentration 

or urinary torsemide excretion rate and urinary sodium excretion rate at the same time point are 

shown. Dots and solid lines mean values predicted by torsemide's PBPK-PD model and connecting 

those values, respectively. 

Figure S21. Sensitivity coefficients according to variation of each model parameter based on (A) 

AUC0-∞ and (B) Cmax of torsemide at doses of 5, 10, 50, 100, and 200 mg. 
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