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Supplementary Table 1 

Comparison of Plasma Concentrations of Selected Endogenous Metabolites between a Single or Combined IV Administration of 
PROB (40 mg/kg) and FSM with a Single IV Administration of 2 mg/kg FSM in 3 Cynomolgus Monkeys. Each determination was 

made in samples collected at 1, 3, and 24 h post-dose from 3 cynomolgus monkeys, and P values were determined by Student’s t test. 
 

 

Metabolite Name 
Ratio of PROB Alone to FSM Alone Ratio of PROB + FSM to FSM Alone 

C1h P value C3h P value C24h P value C1h P value C3h P value C24h P value 

Unsaturated Tetradecanoyl carnitine (C14-1) 3.9 1.9E-01 1.0 9.7E-01 0.5 1.7E-02 2.8 0.2 1.5 4.8E-01 0.5 2.0E-03 

Unsaturated Lauryl carnitine (C12-1) 3.3 2.6E-01 1.1 9.0E-01 0.6 1.1E-01 1.9 0.3 1.2 7.6E-01 0.6 4.4E-02 

Lauryl carnitine (C12) 3.0 2.1E-01 1.1 9.0E-01 0.5 2.0E-02 1.7 0.4 0.9 8.8E-01 0.5 1.7E-03 

Isovaleryl carnitine (C5) 2.9 5.6E-02 2.5 1.6E-01 1.3 5.4E-01 1.9 0.0 1.7 3.1E-02 1.4 4.1E-02 

Decanoyl carnitine (C10) 2.7 2.3E-01 1.0 9.6E-01 0.5 1.9E-02 1.7 0.4 1.1 9.0E-01 0.6 6.4E-03 

Unsaturated C5 carnitine (C5-1) 2.7 1.3E-03 1.2 4.3E-01 1.3 3.2E-01 2.5 0.0 1.4 2.4E-01 1.0 8.9E-01 

Valeryl carnitine (C5) 2.6 5.4E-02 1.0 9.4E-01 1.2 7.5E-01 1.7 0.1 1.2 6.4E-01 1.4 4.2E-01 

Methylbuturyl carnitine (C5) 2.6 4.0E-02 1.7 1.7E-01 1.1 8.4E-01 1.9 0.1 1.8 7.8E-02 1.2 5.6E-01 

Tetradecanoyl carnitine (C14) 2.5 2.6E-01 0.9 8.4E-01 0.4 2.2E-02 2.1 0.2 0.9 9.2E-01 0.5 8.7E-03 

Palmitoyl carnitine (C16-1) 2.4 2.9E-01 0.7 6.4E-01 0.4 3.8E-02 2.3 0.2 1.1 8.4E-01 0.5 2.8E-02 

Unsaturated Decanoyl carnitine (C10-1) 2.2 2.7E-01 1.0 9.9E-01 0.6 4.1E-02 1.6 0.4 1.0 9.3E-01 0.6 1.4E-03 

Unsaturated Octanoyl carnitine (C8-1) 2.2 3.0E-01 1.0 9.4E-01 0.5 2.3E-02 1.2 0.8 0.8 6.8E-01 0.6 1.5E-02 

Octanoyl carnitine (C8) 2.2 3.0E-01 1.0 9.4E-01 0.5 2.3E-02 1.2 0.8 0.8 6.8E-01 0.6 1.5E-02 

Isobutyryl carnitine (C4) 2.2 3.1E-02 1.5 2.1E-01 1.4 1.7E-01 1.6 0.0 1.8 1.1E-02 2.0 1.1E-02 

Propionylcarnitine (C3) 1.9 6.2E-02 1.1 7.9E-01 1.5 1.0E-01 1.2 0.3 1.1 4.5E-01 1.5 9.4E-02 

Hexanoyl carnitine (C6) 1.9 2.7E-01 1.2 7.2E-01 0.6 5.8E-02 1.0 0.9 0.8 3.0E-01 0.7 4.9E-02 

Linoleoyl carnitine (C18-2) 1.8 2.4E-01 0.8 6.2E-01 0.6 8.2E-02 2.1 0.1 1.3 5.5E-01 0.7 1.4E-02 

Carnitine 1.7 2.7E-01 1.3 5.3E-01 1.0 1.0E+00 0.8 0.3 0.7 6.3E-02 1.1 5.1E-01 

Butyryl carnitine (C4) 1.6 5.7E-02 0.8 5.5E-01 1.1 6.5E-01 0.7 0.0 0.6 2.3E-01 1.3 2.3E-01 

Oleoyl carnitine (C18-1) 1.4 5.1E-01 0.6 3.5E-01 0.5 3.9E-02 1.8 0.2 1.1 8.2E-01 0.6 4.0E-02 

Palmitoyl carnitine (C16) 1.4 5.3E-01 0.8 6.0E-01 0.6 8.2E-02 1.6 0.2 1.1 8.7E-01 0.6 8.2E-02 

Acetylcarnitine 1.3 5.3E-01 0.8 5.6E-01 0.5 1.4E-01 0.8 0.5 0.8 3.6E-01 0.5 1.4E-01 
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Deoxycarnitine 1.3 6.8E-01 1.2 7.9E-01 1.0 9.5E-01 1.0 1.0 1.0 1.0E+00 0.8 7.9E-01 

glutaroyl carnitine 1.2 9.6E-02 0.8 1.2E-01 1.1 4.4E-01 1.0 0.7 1.0 7.6E-01 0.9 6.2E-01 

Hydroxy Valeryl carnitine (OH-C5) 1.2 5.8E-01 0.6 1.4E-01 1.1 1.3E-01 0.9 0.8 0.8 3.1E-01 1.0 8.8E-01 

Stearoyl carnitine (C18-0) 0.8 5.3E-01 0.7 4.2E-01 0.6 1.2E-02 1.2 0.4 1.0 9.5E-01 0.6 1.6E-02 

hydroxy-isovaleric acid 3.9 4.6E-01 1.5 3.8E-01 4.4 1.0E-01 12.6 0.4 1.8 2.2E-01 6.2 3.0E-01 

kynurenine 2.5 4.1E-05 2.6 7.5E-03 1.2 1.9E-01 2.9 0.0 2.8 1.2E-04 1.2 1.8E-01 

N2-Acetyl-Lysine 1.5 2.8E-01 1.0 9.3E-01 1.8 4.2E-01 1.7 0.1 0.9 7.2E-01 1.8 3.8E-01 

Creatine 1.4 3.6E-01 1.0 8.5E-01 0.6 5.0E-02 1.5 0.2 1.3 2.4E-01 0.8 2.8E-01 

4-hydroxyproline 1.3 8.1E-02 1.0 9.1E-01 0.9 5.5E-01 1.3 0.0 1.1 5.4E-01 0.9 5.0E-01 

Taurine 1.3 5.2E-01 0.8 1.9E-01 0.8 5.8E-02 1.7 0.1 1.4 4.4E-02 1.3 2.3E-01 

Creatinine 1.3 1.6E-01 0.9 1.3E-01 1.0 9.5E-01 1.3 0.2 1.3 9.7E-03 1.1 3.5E-01 

Glutamyl-isoleucine 1.3 4.7E-01 1.3 4.6E-01 0.6 1.6E-01 2.0 0.0 1.3 1.5E-01 0.7 3.0E-01 

Betaine 1.2 5.0E-01 0.9 4.6E-01 1.1 7.5E-01 1.3 0.5 1.1 6.0E-01 1.3 4.1E-01 

DMA (Dimethyl-Arginine) 1.2 2.3E-01 1.0 6.0E-01 0.9 3.0E-01 1.2 0.0 1.1 3.0E-01 0.9 5.6E-01 

dimethylglycine 1.2 3.0E-01 0.8 1.9E-01 0.8 1.4E-01 1.3 0.2 1.0 8.1E-01 1.0 3.3E-01 

Glycyl-Leucine 1.1 5.8E-02 0.8 1.9E-02 1.0 6.9E-01 1.5 0.0 1.1 2.5E-01 0.9 6.1E-01 

Glutamyl-leucine 1.1 7.4E-01 1.4 4.5E-01 0.6 2.1E-01 1.9 0.0 1.2 4.1E-01 0.7 2.8E-01 

methyl-histidine 1.1 8.1E-01 1.5 2.0E-01 1.6 4.8E-01 1.0 0.9 1.5 2.7E-01 1.0 9.5E-01 

Prolyl-hydroxyproline 1.0 8.7E-01 0.6 1.2E-02 0.9 4.9E-01 1.2 0.0 1.0 8.2E-01 1.2 2.5E-01 

guanyl glycine 0.9 6.3E-01 1.0 8.7E-01 0.9 6.9E-01 1.4 0.1 2.4 1.4E-01 1.4 4.5E-01 

Ornithine 0.8 5.1E-01 1.3 1.9E-01 1.0 9.0E-01 1.6 0.1 1.2 1.3E-01 1.0 8.8E-01 

Citrulline 0.8 1.6E-01 0.8 1.4E-01 1.4 3.3E-01 1.1 0.8 0.9 6.8E-01 1.2 5.9E-01 

Keto-isoleucine (3-methyl-2-oxovaleric acid) 1.5 1.8E-01 1.5 2.2E-01 0.4 2.3E-01 1.6 0.1 1.8 9.6E-02 0.5 3.2E-01 

Keto-leucine (4-methyl-2-oxovaleric acid) 1.4 1.6E-01 1.5 2.5E-01 0.5 2.4E-01 1.6 0.0 1.6 1.6E-01 0.5 2.9E-01 

Glutamyl-tyrosine 1.3 5.6E-01 1.8 3.2E-01 0.7 4.0E-01 1.8 0.1 1.3 3.2E-01 0.9 7.9E-01 

Cysteine sulfate 1.5 5.0E-02 2.7 1.8E-02 1.1 8.5E-01 1.5 0.2 2.4 1.1E-01 0.5 1.1E-01 

methylguanine 1.4 2.9E-03 1.3 1.8E-02 1.0 9.7E-01 1.7 0.0 1.7 5.8E-03 1.1 3.8E-01 

Glutamyl-glutamine 1.3 4.1E-01 1.0 9.1E-01 0.8 5.6E-01 2.2 0.1 1.4 3.1E-01 1.2 5.2E-01 

Glycyl-Isoleucine 1.2 4.3E-01 1.1 5.3E-01 0.9 7.1E-01 1.2 0.1 1.2 3.5E-01 1.0 8.8E-01 

Acetyl-Putrescine 1.2 2.9E-01 0.9 1.2E-01 1.2 7.6E-03 1.3 0.3 1.2 6.9E-02 1.1 2.6E-01 

Pyroglutamic acid (oxoproline) 1.1 4.3E-01 0.9 2.9E-01 0.9 4.8E-01 1.3 0.1 1.1 2.6E-01 1.0 9.0E-01 
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Homoarginine 0.7 2.9E-01 0.9 4.9E-01 0.7 9.3E-02 1.9 0.0 1.3 1.0E-01 1.3 4.3E-01 

Acetyl-Arginine 0.5 2.5E-01 0.9 9.0E-01 0.5 2.2E-01 1.2 0.2 0.8 5.3E-01 1.0 9.8E-01 

Tyrosine 3.1 6.3E-03 2.6 1.2E-01 1.5 2.0E-01 2.5 0.0 1.6 3.6E-01 0.4 3.9E-02 

aspartic acid 2.2 6.6E-02 3.0 1.6E-01 2.2 4.6E-02 1.6 0.1 2.5 1.8E-03 0.5 6.3E-02 

Alanine 1.4 2.7E-01 1.1 5.9E-01 0.8 3.9E-02 1.2 0.5 1.3 1.3E-02 0.9 3.9E-01 

Asparagine 1.3 3.3E-01 1.2 2.1E-01 0.8 3.7E-01 2.0 0.0 1.3 1.5E-01 0.8 2.9E-01 

Phenylalanine 1.3 1.8E-01 1.3 2.5E-01 0.9 2.6E-01 1.4 0.1 1.1 4.8E-01 1.0 6.0E-01 

Beta-Alanine 1.3 3.1E-01 1.0 7.2E-01 0.8 1.4E-01 1.3 0.2 1.2 1.2E-01 0.9 8.6E-02 

Methionine 1.2 4.2E-01 1.4 2.4E-01 1.0 9.8E-01 1.0 0.8 0.9 5.6E-01 1.0 8.7E-01 

Threonine 1.2 5.3E-01 1.3 2.7E-01 0.9 3.9E-01 1.3 0.2 1.1 5.7E-01 0.8 4.2E-02 

Histidine 1.2 1.8E-01 1.0 7.5E-01 0.9 7.2E-01 1.3 0.2 1.1 7.8E-01 0.9 8.1E-01 

Serine 1.2 4.8E-01 1.2 2.7E-01 1.1 8.2E-01 1.2 0.4 1.0 9.0E-01 0.9 2.9E-01 

Lysine 1.1 6.8E-01 1.3 4.2E-01 0.7 1.8E-01 1.0 0.9 0.9 1.3E-01 1.0 9.4E-01 

Proline 1.1 5.5E-01 1.4 1.1E-02 1.4 7.5E-02 1.4 0.1 1.2 7.9E-02 1.1 5.6E-01 

Valine 1.1 4.7E-01 1.2 3.8E-01 0.8 3.5E-01 1.3 0.1 1.1 6.1E-01 0.7 2.7E-01 

Isoleucine 1.1 7.5E-01 1.2 4.4E-01 0.6 2.4E-01 1.4 0.2 1.0 6.6E-01 0.7 3.4E-01 

Glutamine 1.1 4.4E-01 0.9 3.1E-01 0.9 4.7E-01 1.2 0.0 1.1 3.7E-01 1.0 9.3E-01 

Arginine 1.1 8.0E-01 1.5 1.3E-01 0.8 5.3E-01 1.5 0.1 1.0 9.5E-01 1.1 3.2E-01 

Tryptophan 1.0 8.5E-01 1.0 8.8E-01 0.8 1.3E-01 1.1 0.3 0.8 2.2E-02 1.0 6.7E-01 

Glutamic acid 1.0 9.6E-01 0.8 2.5E-01 1.0 1.0E+00 1.5 0.0 1.0 7.9E-01 1.1 2.1E-01 

Leucine 1.0 9.9E-01 1.2 5.8E-01 0.8 4.6E-01 1.4 0.2 1.0 7.3E-01 0.8 4.0E-01 

Cholic acid 2.0 1.8E-01 1.5 5.6E-01 14.6 1.6E-01 1.5 0.3 1.6 4.1E-01 2.5 4.3E-02 

Deoxycholic acid  1.6 5.9E-01 1.0 9.4E-01 1.4 4.5E-01 1.4 0.7 1.6 9.9E-02 0.7 5.0E-01 

Tauroursodeoxycholic acid 1.5 6.3E-01 3.6 1.1E-01 1.7 1.2E-01 1.7 0.5 2.3 2.2E-01 0.6 3.9E-01 

Glycoursocholic acid 1.4 7.1E-01 2.2 3.1E-01 23.0 1.0E+00 2.3 0.2 3.6 8.2E-02 37.5 1.0E+00 

Ursodeoxycholic acid 1.3 7.3E-01 1.0 8.7E-01 1.2 7.7E-01 1.2 0.8 1.7 2.2E-01 0.6 3.4E-01 

Glycoursodeoxycholic acid 1.3 7.3E-01 2.4 2.5E-02 1.2 7.5E-01 1.6 0.5 2.1 7.3E-02 1.4 5.3E-01 

Chenodeoxycholic acid  1.2 7.3E-01 1.2 8.2E-01 5.0 5.2E-02 1.6 0.3 1.4 4.4E-01 1.9 2.8E-01 

b-muricholic acid 1.1 8.6E-01 1.8 3.4E-01 1.0 9.6E-01 1.0 1.0 1.1 8.8E-01 0.7 4.2E-01 

Tauroursocholic acid 1.1 9.2E-01 3.5 5.7E-02 7.3 8.9E-02 2.1 0.2 3.3 1.1E-01 4.5 1.5E-01 

Lithcholic acid 1.1 9.3E-01 0.8 6.9E-01 1.3 2.7E-01 1.2 0.8 1.6 1.5E-01 1.2 4.9E-01 
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Taurochenodeoxycholic acid 0.8 7.5E-01 1.6 6.0E-01 6.8 1.0E-01 1.1 0.9 0.9 9.1E-01 6.1 1.3E-01 

Glycochenodeoxycholic acid 0.8 7.3E-01 1.2 7.8E-01 1.4 4.4E-01 1.2 0.7 1.4 6.5E-01 17.2 2.3E-01 

Glycodeoxycholic acid 0.6 6.1E-01 1.3 5.6E-01 1.9 4.4E-01 0.7 0.7 1.3 4.7E-01 4.6 1.3E-01 

Taurodeoxycholic acid 0.6 4.9E-01 1.4 5.9E-01 5.4 7.8E-02 0.7 0.6 1.0 9.8E-01 2.4 1.9E-01 

Hyodeoxycholic acid  0.3 5.6E-01 0.2 2.1E-01 1.5 5.0E-01 0.5 0.6 0.5 3.7E-01 4.4 2.0E-01 

Glycocholic acid 0.3 2.6E-01 1.0 9.9E-01 5.5 1.4E-01 0.5 0.4 0.8 8.6E-01 14.0 1.2E-01 

Taurocholic acid 0.2 3.0E-01 1.5 6.7E-01 15.7 1.3E-01 0.3 0.4 0.6 6.9E-01 10.7 1.5E-01 

C18-di-OH DCA 5.1 1.4E-01 7.6 1.8E-01 2.1 2.4E-01 11.7 0.0 9.5 7.9E-03 2.5 4.7E-01 

C18-2 DCA 3.2 3.7E-02 3.7 5.2E-03 0.8 6.4E-01 8.6 0.0 5.1 5.5E-03 0.8 7.1E-01 

C20-4 DCA 3.0 8.0E-02 3.6 4.8E-02 0.7 5.5E-01 8.8 0.0 5.5 7.5E-03 0.5 3.7E-01 

C18-1 DCA 2.7 6.8E-02 3.6 4.9E-02 0.7 5.6E-01 7.8 0.0 5.8 6.7E-03 0.5 3.6E-01 

C16-1 DCA 2.4 9.1E-03 2.0 9.2E-03 0.6 3.7E-01 4.6 0.0 2.8 1.1E-02 0.8 7.1E-01 

C14 DCA 2.3 1.7E-01 3.7 4.0E-02 2.6 1.5E-01 8.8 0.0 13.7 9.6E-03 2.0 2.7E-01 

C12 DCA 2.1 1.9E-01 3.7 2.2E-01 1.2 1.3E-01 1.8 0.1 2.4 7.1E-02 2.0 1.7E-01 

C10-1 DCA 2.1 3.6E-02 2.8 4.1E-02 0.7 6.0E-01 3.4 0.0 4.5 1.5E-02 0.7 5.0E-01 

C12-1 DCA 2.1 2.9E-02 1.2 5.1E-01 0.9 8.1E-01 3.1 0.0 1.7 2.3E-02 0.8 6.8E-01 

C12-OH DCA 2.0 7.4E-02 1.3 3.8E-01 1.3 8.1E-02 3.5 0.0 2.6 1.7E-03 1.4 1.3E-01 

C14-1 DCA 1.9 7.2E-03 2.3 3.9E-02 1.6 2.7E-01 4.2 0.0 4.4 9.5E-04 1.7 2.2E-01 

C18 DCA 1.4 4.0E-01 1.0 9.6E-01 0.5 2.7E-01 2.1 0.1 1.5 4.3E-01 0.5 2.2E-01 

C5-1 DCA 1.3 3.7E-01 0.9 7.6E-01 1.0 8.6E-01 1.3 0.2 1.4 1.9E-01 0.8 4.7E-01 

C8-OH DCA Hydroxysuberic acid 1.1 1.8E-01 0.4 2.3E-03 1.0 3.7E-01 1.1 0.1 0.6 1.9E-02 1.1 2.2E-02 

C4 DCA succinic_acid 0.9 6.8E-01 0.3 2.3E-02 1.1 7.1E-01 0.9 0.7 0.8 5.2E-01 2.0 1.5E-01 

C4-OH DCA malic acid 0.9 7.0E-01 0.5 3.9E-02 0.9 6.6E-01 1.1 0.9 1.2 4.3E-01 1.6 2.5E-01 

22-6 FFA Docosahexaenoic acid 1.1 4.7E-01 0.7 3.0E-01 0.5 1.5E-01 1.7 0.0 1.1 7.8E-01 0.7 3.2E-01 

20-4 FFA Arachidonic acid 1.0 7.9E-01 0.7 2.0E-01 0.5 1.8E-01 1.6 0.0 1.1 6.3E-01 1.0 9.7E-01 

20-5 FFA Eicosapentaenoic acid 0.9 6.7E-01 0.6 1.7E-01 0.4 2.1E-01 1.5 0.2 1.0 9.9E-01 0.9 9.2E-01 

18-0 FFA Stearic acid 0.9 6.7E-01 0.5 3.0E-01 0.5 2.5E-01 1.6 0.3 1.0 9.3E-01 0.6 3.7E-01 

22-4 FFA Adrenic acid 0.8 2.7E-01 0.6 2.8E-01 0.4 1.3E-01 1.3 0.0 1.1 8.3E-01 0.6 2.6E-01 

18-2 FFA Linoleic acid 0.8 6.0E-01 0.7 4.2E-01 0.5 1.5E-01 1.5 0.2 1.4 3.4E-01 0.6 1.9E-01 

16-0 FFA Palmitic acid 0.8 6.2E-01 0.5 3.0E-01 0.5 1.1E-01 1.3 0.5 1.0 9.7E-01 0.7 3.5E-01 

16-1 FFA Palmitoleic acid 0.7 5.2E-01 0.3 1.5E-01 0.4 1.3E-01 1.1 0.8 0.8 6.2E-01 0.9 7.0E-01 
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18-1 FFA Oleic acid 0.7 4.9E-01 0.6 3.9E-01 0.4 1.4E-01 1.5 0.2 1.7 1.6E-01 0.6 2.5E-01 

14-0 FFA Myristic acid 0.7 3.6E-01 0.5 2.3E-01 0.6 2.2E-01 1.3 0.4 0.6 1.8E-01 0.9 9.1E-01 

18-3 FFA linolenic acid 0.7 5.1E-01 0.4 2.1E-01 0.5 1.3E-01 1.3 0.6 0.8 6.1E-01 0.7 3.1E-01 

palmitamide 1.6 2.5E-01 1.2 7.7E-01 0.9 4.9E-01 1.2 0.4 0.7 4.4E-01 1.1 6.5E-01 

linoleamide 0.5 2.3E-01 0.1 3.5E-03 1.2 8.6E-01 0.3 0.0 1.1 8.3E-01 0.7 6.9E-01 

oleamide 0.3 3.2E-02 0.3 7.1E-03 0.8 7.6E-01 0.5 0.1 1.3 3.2E-01 1.3 5.7E-01 

DG(34:1) 2.7 3.6E-03 1.9 2.0E-02 1.0 9.7E-01 2.3 0.0 1.6 5.1E-02 1.1 6.9E-01 

DG(38:5) 1.0 8.3E-01 0.8 1.2E-01 0.8 5.4E-01 1.2 0.4 1.1 4.6E-01 1.1 8.9E-01 

DG(34:4) 1.0 9.4E-01 1.0 8.2E-01 1.1 8.5E-01 1.3 0.0 1.6 3.0E-02 1.4 2.8E-01 

DG(34:3) 1.0 9.3E-01 0.9 5.4E-01 1.1 7.5E-01 1.1 0.3 1.1 4.2E-01 1.5 1.6E-01 

DG(38:4) 0.9 8.5E-01 0.7 6.3E-02 1.0 9.3E-01 1.1 0.4 1.0 8.7E-01 1.2 3.6E-01 

2-Arachidonoyl glycerol 0.7 3.6E-01 0.3 1.7E-01 0.5 1.2E-01 1.1 0.8 0.9 8.7E-01 1.4 1.5E-01 

20-4 LPE Arachidonoyl-lyso-PE 1.6 7.8E-02 0.8 1.0E-01 1.1 4.9E-01 1.8 0.0 1.5 1.4E-02 1.0 9.8E-01 

18-2 LPE Linoleoyl-lyso-PE 1.4 3.1E-01 0.9 5.6E-01 1.7 1.3E-01 2.1 0.2 2.1 3.8E-02 1.4 2.7E-01 

16-0 LPE Palmitoyl-lyso-PE 1.4 3.3E-01 1.0 8.7E-01 1.7 1.0E-02 1.6 0.1 1.3 1.3E-01 1.7 8.5E-03 

18-1 LPE Oleoyl-lyso-PE 1.3 5.1E-01 1.0 9.3E-01 2.6 7.8E-02 1.8 0.1 2.3 6.9E-05 1.8 1.8E-02 

20-4 LPC Arachidonoyl-lyso-PC 1.3 3.8E-01 0.9 7.9E-01 1.0 9.3E-01 1.4 0.1 1.1 5.6E-01 1.1 8.2E-01 

22-6 LPC Docosahexaenoyl-lyso-PC 1.2 3.7E-01 0.8 3.0E-01 1.0 9.5E-01 1.6 0.0 1.1 7.6E-01 1.1 6.8E-01 

22-5 LPC Docosapentaenoyl-lyso-PC 1.2 6.5E-01 0.7 2.2E-01 1.0 8.2E-01 1.4 0.0 0.9 6.5E-01 1.1 4.4E-01 

16-0 LPC Palmitoyl-lyso PC 1.1 6.2E-01 0.9 1.2E-01 1.2 1.5E-01 1.2 0.1 1.1 7.3E-02 1.1 1.5E-01 

20-3 LPC Arachidoyl-lyso-PC 1.1 4.2E-01 0.9 3.7E-02 1.1 5.0E-01 1.1 0.4 1.0 2.6E-01 1.1 2.2E-01 

18-2 LPC Linolenoyl-lyso-PC 1.1 7.6E-01 0.8 2.8E-01 1.7 2.5E-02 1.5 0.2 1.3 1.9E-01 1.5 3.3E-02 

18-3 LPC Linoleoyl-lyso-PC 1.0 9.8E-01 0.9 6.4E-02 1.1 7.7E-02 1.1 0.3 1.1 1.0E-01 1.1 2.4E-01 

16-1 LPC Palmitoleoyl-lyso-PC 1.0 8.6E-01 0.7 7.1E-02 1.3 2.4E-01 1.3 0.0 1.0 9.7E-01 1.4 5.5E-02 

14-0 LPC Myristoyl-lyso-PC 0.9 8.0E-01 0.9 8.1E-01 2.2 1.2E-01 1.4 0.2 1.0 9.8E-01 1.3 3.9E-01 

18-1 LPC Oleoyl-lyso-PC 0.9 6.8E-01 0.8 1.6E-01 1.6 4.5E-02 1.1 0.5 1.3 6.0E-02 1.4 4.2E-03 

18-0 LPC Stearoyl-lyso-PC 0.9 5.5E-01 0.8 9.7E-02 1.2 1.3E-01 1.1 0.3 1.0 9.1E-01 1.2 1.5E-02 

18-0 LPE Stearoyl-lyso-PE 0.9 6.9E-01 0.8 1.3E-01 1.5 4.6E-02 1.2 0.1 1.3 3.0E-01 1.4 1.9E-01 

20-2 LPC Eicosadienoyl-lyso-PC 0.7 2.4E-01 0.7 1.5E-01 1.4 3.2E-01 1.0 1.0 1.6 1.1E-01 1.8 1.4E-01 

17-0 LPC Heptadecanoyl-lyso-PC 0.7 7.1E-02 0.8 3.8E-01 1.4 2.6E-01 0.9 0.6 1.6 6.3E-02 1.6 8.9E-02 

PC(38:6) 1.2 3.8E-01 1.1 6.7E-01 0.7 1.8E-01 1.1 0.7 0.9 6.1E-01 0.8 2.0E-01 
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PC(40:8) 1.2 5.5E-01 1.0 7.5E-01 1.1 7.1E-01 1.1 0.3 1.2 5.1E-01 1.1 6.8E-01 

PC(38:4) 1.1 4.0E-01 0.9 5.4E-01 0.6 1.9E-01 1.0 1.0 1.0 7.6E-01 0.7 3.5E-01 

PC(36:4) 1.1 1.4E-01 1.1 5.7E-01 0.8 2.5E-01 1.0 0.9 1.0 6.9E-01 0.8 1.6E-01 

PC(40:6) 1.1 6.8E-01 0.9 1.7E-01 0.6 1.5E-01 0.9 0.7 1.0 7.6E-01 0.7 4.0E-01 

PC(34:2) 1.1 6.8E-01 1.0 1.0E+00 1.0 9.8E-01 1.1 0.6 1.1 4.5E-01 0.9 1.5E-01 

PC(36:2) 1.0 8.9E-01 0.9 4.4E-01 0.9 1.3E-01 1.0 0.7 1.0 9.4E-01 1.0 5.1E-01 

PI(36:4) 1.0 9.7E-01 1.0 9.1E-01 1.3 3.3E-01 1.0 0.8 1.3 4.0E-01 1.3 4.8E-01 

PE(38:2) 0.9 1.3E-01 0.9 1.5E-01 1.0 8.2E-01 1.1 0.4 1.1 5.6E-01 1.1 4.1E-01 

PI(38:4) 0.9 4.0E-01 0.9 7.7E-01 0.9 7.9E-01 0.9 0.5 0.9 5.1E-01 0.8 4.1E-01 

PI(36:2) 0.7 4.5E-01 1.0 9.2E-01 2.0 9.9E-02 0.8 0.5 1.2 4.3E-01 1.4 4.4E-02 

Sphingosine 1.9 8.3E-03 0.5 4.5E-01 1.5 3.7E-01 1.1 0.6 0.5 4.6E-01 1.2 6.2E-01 

Sphinganine-1-Phosphate 1.6 1.3E-01 0.6 2.4E-01 1.1 7.8E-01 1.8 0.1 0.7 3.2E-01 1.1 9.0E-01 

Sphingosine-1-Phosphate 1.4 9.6E-02 0.6 1.5E-01 1.1 7.7E-01 1.6 0.0 0.9 5.8E-01 1.1 7.1E-01 

Sphinganine 1.3 3.1E-02 0.6 3.5E-01 1.3 4.8E-01 1.3 0.4 0.7 4.7E-01 1.2 5.4E-01 

SM(42:3) 1.2 8.4E-02 1.1 2.2E-01 0.9 6.2E-01 1.3 0.3 1.0 8.7E-01 0.8 6.5E-02 

SM(42:2) 1.1 3.0E-01 1.2 1.9E-01 1.0 8.2E-01 1.1 0.3 1.1 2.0E-01 0.9 4.7E-01 

SM(40:2) 1.1 5.3E-01 1.1 7.7E-01 0.7 1.0E-01 1.1 0.5 1.1 4.0E-01 0.9 5.2E-01 

SM(42:1) 1.0 7.6E-01 1.2 2.1E-01 1.0 8.8E-01 1.1 0.3 1.2 3.3E-01 1.1 6.1E-01 

SM(36:1) 1.0 9.4E-01 1.1 4.5E-01 0.9 3.0E-01 1.1 0.2 1.1 2.9E-01 0.9 1.5E-01 

SM(32:1) 1.0 8.4E-01 1.0 8.4E-01 1.0 9.8E-01 1.0 0.9 1.0 5.8E-01 0.9 1.5E-01 

SM(34:1) 1.0 5.2E-01 1.0 5.3E-01 0.9 3.2E-01 1.0 0.9 1.0 8.6E-01 0.9 4.1E-01 

Homovanillic acid (HVA) 4.1 1.5E-05 3.2 6.2E-03 0.8 2.3E-01 4.6 0.0 4.0 5.2E-03 1.3 3.3E-01 

Acetylcholine 1.5 3.5E-01 1.1 7.0E-01 1.0 7.8E-01 0.9 0.6 0.8 1.6E-01 1.0 9.8E-01 

xanthurenic acid 3.8 1.3E-02 5.2 6.0E-03 0.4 2.0E-01 7.4 0.0 8.1 2.4E-02 0.7 5.2E-01 

xanthine 2.7 1.2E-01 0.7 2.0E-01 0.6 2.7E-01 2.5 0.1 1.0 9.3E-01 0.7 4.4E-01 

xanthosine 2.6 7.2E-02 1.6 1.3E-01 0.6 3.6E-01 2.5 0.1 2.2 2.6E-02 0.7 4.8E-01 

hypoxanthine 1.8 6.0E-01 0.8 7.4E-01 0.6 1.6E-01 1.4 0.8 1.3 7.4E-01 0.9 7.3E-01 

Inosine 1.5 7.6E-01 0.6 6.5E-01 0.2 6.8E-04 3.2 0.5 0.6 6.6E-01 0.9 7.6E-01 

guanosine 1.3 4.0E-01 0.9 6.7E-01 1.0 3.8E-01 2.1 0.2 0.9 5.5E-01 1.1 3.8E-01 

Pseudo-Uridine 1.1 5.1E-01 0.9 8.7E-01 1.2 3.8E-01 1.1 0.3 0.7 4.3E-01 1.4 1.5E-01 

methyl-cytidine 1.0 8.7E-01 0.5 8.6E-02 2.0 1.1E-01 1.3 0.5 1.3 4.1E-01 2.5 3.3E-01 
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uracil 1.0 9.2E-01 0.5 3.5E-02 0.5 1.5E-01 1.1 0.7 0.9 6.5E-01 0.8 4.2E-01 

Uridine 0.9 8.7E-01 0.6 1.3E-01 0.6 3.4E-01 1.0 1.0 0.8 4.3E-01 0.7 4.0E-01 

Cytosine 0.9 1.7E-01 1.1 4.6E-01 1.1 5.5E-01 0.9 0.2 1.0 8.4E-01 1.0 9.5E-01 

kynurenic acid 3.5 6.0E-03 4.1 2.3E-02 0.6 3.7E-01 6.6 0.0 6.0 6.5E-03 1.0 9.2E-01 

Pyruvate 2.1 1.9E-01 0.4 4.0E-03 0.7 2.5E-02 1.6 0.3 1.2 8.4E-02 0.7 1.9E-01 

Ketoglutarate 1.7 7.4E-02 1.0 9.0E-01 1.1 8.4E-01 1.5 0.1 1.1 8.4E-01 0.7 2.0E-01 

Lactic Acid 1.6 3.3E-01 0.3 1.3E-02 1.1 6.0E-01 1.4 0.4 0.9 7.3E-01 1.3 6.9E-02 

2-hydroxybutyrate (alpha) 1.3 4.3E-01 0.8 6.4E-01 0.3 2.3E-01 1.4 0.6 0.9 8.4E-01 0.6 5.3E-01 

Citric Acid 1.3 2.3E-01 1.0 9.7E-01 1.0 9.5E-01 1.4 0.2 1.2 1.4E-01 1.1 6.4E-01 

Aconitate 1.2 2.5E-01 1.0 9.6E-01 0.9 8.6E-01 1.4 0.1 1.3 1.7E-01 1.3 3.6E-01 

Isocitric Acid 1.2 1.3E-01 1.0 9.2E-01 1.0 9.4E-01 1.3 0.1 1.2 4.4E-01 1.0 8.2E-01 

amino adipic acid (2-AAA) 1.1 4.5E-01 1.3 2.7E-01 0.7 6.5E-01 1.4 0.1 1.6 2.5E-01 0.7 6.1E-01 

di-hydroxybutyrate 1.0 7.7E-01 1.2 4.4E-01 1.1 6.8E-02 1.2 0.5 1.2 2.3E-01 0.8 4.8E-01 

amino benzoic acid (PABA or anthranilate)  1.0 1.0E+00 0.2 5.0E-02 1.0 9.4E-01 1.2 0.7 0.6 2.5E-01 1.9 1.6E-01 

Quinolinic Acid 0.9 3.2E-01 0.7 7.4E-02 0.9 7.8E-01 1.0 0.8 1.0 9.7E-01 1.0 9.8E-01 

3-hydroxybutyrate (beta) 0.8 6.8E-01 0.4 1.6E-01 0.4 1.9E-01 1.0 1.0 0.8 5.4E-01 0.4 2.3E-01 

3-Indoleacetic acid  8.6 8.7E-02 11.2 1.8E-01 1.6 1.4E-01 7.6 0.0 7.7 1.9E-03 1.7 9.3E-02 

Cresol sulfate 3.9 1.0E-02 5.6 1.5E-03 2.3 6.9E-02 4.9 0.0 7.1 7.7E-06 2.6 9.0E-02 

Phenyl sulfate 3.1 7.6E-02 2.9 5.6E-02 1.5 5.3E-01 2.6 0.0 3.4 5.4E-04 1.6 3.2E-01 

Phenyllactic acid 2.9 5.1E-04 3.3 6.1E-02 2.2 2.9E-01 3.3 0.0 3.0 5.4E-03 2.0 3.4E-01 

Indoxyl sulfate 2.8 3.0E-02 2.8 1.1E-01 1.0 9.4E-01 6.4 0.0 7.5 2.1E-02 1.2 5.8E-01 

Phenylacetylglycine (PAG) 2.6 4.1E-02 3.3 2.6E-05 0.5 3.3E-01 3.4 0.0 3.4 5.2E-03 0.6 4.1E-01 

dihydroxybenzoic acid 2.1 5.7E-01 2.2 4.7E-01 6.7 2.0E-01 6.4 0.2 6.8 1.4E-01 6.2 1.9E-01 

3-Indolelactic acid  2.1 4.3E-02 2.2 7.4E-03 2.0 9.4E-02 2.4 0.0 2.9 2.4E-02 3.2 1.6E-01 

OH-Indoleacetic acid (HIAA) 2.1 4.0E-04 2.8 6.5E-03 1.2 2.4E-01 2.5 0.0 2.9 1.6E-04 1.3 3.9E-02 

hippuric acid 1.7 2.7E-01 2.2 1.6E-02 1.5 2.9E-01 1.8 0.1 3.6 9.1E-05 1.8 8.0E-02 

Hydroxyphenyllactic acid 1.7 4.0E-02 1.9 6.0E-02 1.0 6.8E-01 1.8 0.0 2.3 1.5E-03 1.3 1.6E-01 

4-hydroxybenzoic acid  1.4 1.7E-01 1.2 5.3E-01 1.3 5.0E-01 2.1 0.0 1.9 1.9E-01 15.4 3.7E-01 

3-Indolepropionic acid  1.0 9.9E-01 0.9 7.8E-01 3.3 7.3E-02 1.2 0.8 1.3 5.9E-01 2.4 3.4E-02 

Phenylacetic acid 0.9 7.3E-01 1.3 5.8E-01 0.8 6.5E-01 1.2 0.3 1.5 2.9E-01 1.5 3.1E-01 

TMAO 1.4 6.1E-01 0.5 1.8E-01 0.7 5.1E-01 1.3 0.5 1.0 9.1E-01 0.8 7.0E-01 
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Allantoin 1.3 2.2E-01 0.8 3.5E-01 0.6 3.4E-01 1.2 0.2 1.1 8.2E-01 0.5 3.0E-01 

phenylethanolamine 1.0 2.8E-01 1.0 9.9E-01 0.9 2.3E-01 0.9 0.0 1.0 1.2E-02 1.0 1.6E-01 

corticosterone 1.4 2.3E-01 0.9 7.0E-01 0.9 5.2E-01 2.0 0.1 1.4 3.6E-01 1.0 9.7E-01 

Deoxycortisol(DHC) 1.4 2.1E-01 0.6 3.5E-01 0.6 6.9E-02 1.3 0.1 0.6 2.9E-01 0.7 1.9E-01 

cortisol 1.3 3.1E-02 1.0 8.7E-01 0.8 8.1E-02 1.4 0.0 1.1 5.8E-01 0.9 1.2E-01 

DHEAS (DHEA sulfate) 1.3 8.1E-01 1.0 9.7E-01 0.7 7.3E-01 1.8 0.6 1.0 9.6E-01 3.3 4.1E-01 

Cholesterol 0.7 1.4E-02 0.8 6.2E-01 0.9 6.9E-01 1.4 0.3 0.7 4.6E-01 0.9 8.0E-01 

Campesterol 0.6 4.6E-02 0.6 4.6E-01 0.7 6.5E-01 3.6 0.0 0.4 1.9E-01 0.2 1.4E-01 

glucuronic acid 8.8 4.1E-03 8.5 3.0E-04 2.6 7.9E-02 10.5 0.0 11.2 1.2E-02 2.4 8.7E-02 

sugar-acid 1.5 1.4E-01 1.2 5.7E-01 1.8 9.0E-02 1.5 0.1 1.9 4.7E-01 1.2 4.0E-01 

Pentose (Arabinose/Lyxose/Xylose) 1.4 8.5E-02 1.6 9.8E-02 1.3 3.0E-01 1.5 0.1 1.6 8.1E-02 1.9 1.9E-01 

inositol 1.2 5.3E-01 0.9 5.8E-01 0.8 9.9E-03 1.4 0.1 1.3 2.2E-01 1.0 9.7E-01 

glycerophosphate 1.2 3.2E-01 0.5 2.5E-02 1.7 1.5E-01 1.8 0.2 1.2 4.7E-01 5.5 1.7E-01 

Ribose 1.1 7.3E-01 1.2 4.5E-01 1.1 5.7E-02 1.2 0.5 1.1 2.8E-01 0.8 5.0E-01 

Hexose 1.0 8.0E-01 1.3 4.4E-01 1.1 5.9E-02 1.1 0.6 1.2 2.4E-01 0.8 4.8E-01 

Glyceric acid 1.0 7.9E-01 0.8 3.8E-01 1.0 9.0E-01 1.6 0.1 1.5 4.1E-01 1.5 2.3E-01 

deoxyhexose (1_5AG) 0.1 6.6E-03 0.4 2.5E-01 0.1 2.0E-01 0.8 0.7 0.8 6.2E-01 1.7 3.3E-01 

pyridoxic acid 4.5 7.8E-03 4.8 2.0E-04 1.4 2.7E-01 5.6 0.0 6.0 1.3E-03 1.5 2.2E-02 

Pantothenic acid 2.8 6.4E-05 1.1 7.4E-01 0.8 1.9E-01 3.0 0.0 1.7 3.0E-02 0.9 7.2E-01 

Bilirubin 2.0 8.0E-02 1.2 6.2E-01 0.5 2.8E-01 3.0 0.1 1.5 5.1E-01 0.6 3.4E-01 

orotic acid (vitamin B13) 1.7 4.2E-01 0.3 2.6E-03 1.1 5.1E-01 1.6 0.4 1.0 8.0E-01 1.1 5.7E-01 

Choline 1.5 1.0E-01 0.6 2.2E-02 1.1 3.6E-01 1.3 0.3 1.3 1.1E-01 1.2 5.4E-01 

N-methylnicotineamide 1.2 3.4E-01 0.7 3.8E-01 0.5 1.7E-01 1.3 0.4 0.8 6.6E-01 0.5 2.2E-01 

1-methylnicotineamide 1.0 7.4E-01 1.1 3.9E-01 1.0 5.7E-01 1.0 0.9 1.0 6.8E-01 1.0 9.5E-01 

Nicotineamide 0.4 4.8E-02 0.4 9.0E-02 0.3 1.3E-01 0.8 0.7 0.5 2.1E-01 0.7 4.4E-01 
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Supplementary Table 2 
Comparison of Inhibition Potency of PROB Towards Various Human Transporters. The IC50 geometric means of PROB were 

obtained from University of Washington Metabolism and Transport Drug Interaction database. 
 
 

 

 

 
 

 
 
 
 
 
 
  

IC 50 (µM)
geometric mean (range)

BSEP (ABCB11) 564.8
MATE1 (SLC47A1) > 300
MRP2 (ABCC2) 67.8 (35.7 to 182)
MRP3 (ABCC3) ~ 100
MRP4 (ABCC4) > 50
OAT1 (SLC22A6) 8.2 (3.6 to 27.4)
OAT2 (SLC22A7) 393
OAT3 (SLC22A8) 5.8 (0.76 to 32)
OAT4 (SLC22A11) 69.3 (56 to 134)
OATP1B1 (SLCO1B1) 179 (76.2 to 740)
OATP1B3 (SLCO1B3) 130
OATP2B1 (SLCO2B1) 65 to 70% inhibition at 1 mM
OCT2 (SLC22A2) 56% inhibition at 25 uM
P-gp (ABCB1) 74% inhibition at 1.5 mM

Transporter
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Supplementary Figure 1 

Time course of uptake of PDA (1 µM) by OAT1 (A) and OAT3 (B), and HVA (5 µM) by OAT1. 
Uptake was performed by incubating cells with PDA or HVA dissolved in HBSS buffer 

supplemented with 10 mM HEPES (pH 7.4) at 37 ˚C as described under Materials and Methods for 
different periods of time. Data are expressed as mean ± SD (n = 3 determinations). 
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Supplementary Figure 2 
Profiling of the transport of PDA and HVA by major drug transporters expressed at the 

basolateral membrane of human hepatocytes. Uptake in the HEK cells stably transfected with the 
control vector (Mock-HEK), OATP1B1, or OATP1B3 was measured after a 5-min incubation at 

37°C with PDA (1 µM) (A), HVA (5 µM) (B), and probe substrate (1 µM [3H]E17βG, [3H]E3S and 
TCA for OATP1B1, OATP1B3 and NTCP, respectively) (C). Incubations were conducted in the 
absence and presence of 20 μM CsA to evaluate the effects of these inhibitors on PDA and HVA 

uptake. Each value represents the mean ± SD (n = 3). ***P < 0.001 statistically significantly 
different from uptake in Mock-HEK cells, and $$$P < 0.001 statistically significantly different from 

uptake in the absence of an inhibitor. 
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