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Table S1. Dataset of compounds used in this study, including CAS registry numbers, biological activity (pECso) [1,2,3],
dataset assignment (training and external test sets) and phospholipidosis (PLD) classification

Compound CAS pECso Set PLD classification
Amiloride 2016-88-8 4.85 Train Weak/moderate inducer
Amiodarone 1951-25-3 5.34 Train Strong inducer
Amitriptyline 50-48-6 5.09 Test Strong inducer
Amlodipine 88150-42-9 5.33 Train Strong inducer
Amoxapine 14028-44-5 5.15 Train Strong inducer
Atenolol 29122-68-7 3.65 Train Non-inducer
Atropine 51-55-8 3.91 Test Non-inducer
Bupropion 34911-55-2 3.6 Train Non-inducer
Chloroquine 54-05-7 4.67 Train Weak/moderate inducer
Chlorpromazine 50-53-3 5.19 Train Strong inducer
Cimetidine 51481-61-9 4,54 Train Weak/moderate inducer
Citalopram 59729-33-8 4.68 Train Weak/moderate inducer
Clemastine 15686-51-8 5.28 Test Strong inducer
Clomipramine 303-49-1 4.88 Test Weak/moderate inducer
Clozapine 5786-21-0 4.81 Train Weak/moderate inducer
Desipramine 58-28-6 5.07 Train Strong inducer
Diclofenac 15307-79-6 3.55 Train Non-inducer
Disopyramide 3737-09-5 3.56 Test Non-inducer
Doxycycline 564-25-0 4.49 Train Weak/moderate inducer
Ebastine 90729-43-4 5.87 Train Strong inducer
Flecainide 54143-55-4 4.27 Train Weak/moderate inducer
Fluoxetine 54910-89-3 5.25 Train Strong inducer
Fluvoxamine 54739-18-3 5.05 Train Strong inducer
Furosemide 54-31-9 3.7 Train Non-inducer
Gemfibrozil 25812-30-0 3.7 Train Non-inducer
Haloperidol 52-86-8 5.00 Test Weak/moderate inducer
Hydroxyzine 68-88-2 4.40 Train Weak/moderate inducer
Imipramine 50-49-7 4.68 Train Weak/moderate inducer
Ketoconazole 65277-42-1 5.26 Train Strong inducer
Labetalol 32780-64-6 473 Test Weak/moderate inducer
Lidocaine 137-58-6 3.56 Train Non-inducer
Loperamide 53179-11-6 5.21 Test Strong inducer
Loratadine 79794-75-5 4.92 Train Weak/moderate inducer
Loxapine 1977-10-2 491 Train Weak/moderate inducer

S1


http://www.pub.iapchem.org/ojs/index.php/admet
https://doi.org/10.5599/admet.3460
https://orcid.org/0000-0001-6002-4870
https://orcid.org/0000-0003-4605-2941

Supplementary material

ADMET & DMPK 14 (2026) S3460

Compound CAS pECso Set PLD classification
Maprotiline 10262-69-8 5.40 Train Strong inducer
Menadione 58-27-5 4,72 Train Weak/moderate inducer
Metergoline 17692-51-2 5.48 Train Strong inducer
Mexiletine 31828-71-4 4.42 Train Weak/moderate inducer
Mibefradil 116644-53-2 5.37 Train Strong inducer
Ofloxacin 82419-36-1 4.30 Train Weak/moderate inducer
Paracetamol 103-90-2 3.10 Train Non-inducer
Perphenazine 58-39-9 5.00 Train Weak/moderate inducer
Procainamide 51-06-9 3.91 Train Non-inducer
Prochlorperazine 58-38-8 5.51 Train Strong inducer
Promazine 58-40-2 4.95 Train Weak/moderate inducer
Promethazine 60-87-7 5.14 Train Strong inducer
Propafenone 54063-53-5 5.12 Train Strong inducer
Propranolol 525-66-6 4.85 Train Weak/moderate inducer
Protriptyline 438-60-8 5.08 Train Strong inducer
Quinacrine 83-89-6 5.52 Train Strong inducer
Quinidine 56-54-2 4.84 Train Weak/moderate inducer
Ribavirin 36791-04-5 3.00 Test Non-inducer
Risperidone 106266-06-2 431 Test Weak/moderate inducer
Sotalol 3930-20-9 3.63 Train Non-inducer
Tacrine 321-64-2 4.28 Train Weak/moderate inducer
Tamoxifen 10540-29-1 5.24 Train Strong inducer
Thioridazine 50-52-2 5.25 Train Strong inducer
Tomoxetine 82248-59-7 4.88 Train Weak/moderate inducer
Trifluoperazine 117-89-5 5.41 Test Strong inducer
Trimethoprim 738-70-5 3.54 Train Non-inducer
Valproic acid 99-66-1 3.81 Train Non-inducer
Vancomycin 1404-90-6 3.63 Train Non-inducer
Verapamil 52-53-9 4,56 Test Weak/moderate inducer
Warfarin 81-81-2 3.63 Test Non-inducer
Zidovudine 30516-87-1 3.10 Train Non-inducer

Table S2. Biomimetic chromatographic descriptors of the compounds used in this study, including immobilized artificial
membrane retention (CHI IAM), human serum albumin binding (log kusa), and as-acid glycoprotein binding (log kacr)

Compound CHI IAM log knsa log kacp
Amiloride 31.01 -0.27 -0.13
Amiodarone 62.02 1.59 1.15
Amitriptyline 55.27 0.91 1.05
Amlodipine 43.1 1.11 0.77
Amoxapine 56.46 0.85 1.06
Atenolol 15.75 -1.08 -1.83
Atropine 33.00 -0.33 -0.18
Bupropion 37.73 0.44 0.57
Chloroquine 43.99 0.70 1.12
Chlorpromazine 48.91 1.39 1.01
Cimetidine 15.46 0.02 0.35
Citalopram 48.80 0.40 0.44
Clemastine 60.12 1.25 1.18
Clomipramine 59.61 1.16 1.18
Clozapine 43.92 1.18 0.88
Desipramine 53.1 0.76 0.94
Diclofenac 31.69 1.70 0.13
Disopyramide 24.12 0.21 0.46
Doxycycline 22.50 0.535 -0.41
Ebastine 58.65 1.62 1.34
Flecainide 41.51 -0.05 0.16
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Compound CHI IAM log knsa log kacp
Fluoxetine 54.86 0.99 0.99
Fluvoxamine 50.22 0.4 0.59
Furosemide 20.10 1.24 -1.16
Gemfibrozil 33.66 2.14 0.36
Haloperidol 44.27 0.76 0.73
Hydroxyzine 40.09 0.96 0.84
Imipramine 39.44 0.95 0.83
Ketoconazole 41.13 1.17 0.75
Labetalol 36.15 0.59 0.4
Lidocaine 32.38 -0.71 0.17
Loperamide 45.24 1.04 0.87
Loratadine 44.30 1.38 1.34
Loxapine 50.88 1.05 1.06
Maprotiline 56.73 0.77 0.99
Menadione 30.13 0.78 0.05
Metergoline 55.73 1.28 1.09
Mexiletine 29.52 -1.45 0.16
Mibefradil 55.18 1.10 1.11
Ofloxacin 26.17 -0.4 -0.81
Paracetamol 3.69 0.21 -1.63
Perphenazine 47.64 1.39 1.13
Procainamide 19.30 -0.71 -0.54
Prochlorperazine 60.00 1.37 1.39
Promazine 45.36 1.24 0.92
Promethazine 55.82 0.943 0.97
Propafenone 46.04 0.84 0.92
Propranolol 42.08 0.47 0.84
Protriptyline 51.59 0.69 1.03
Quinacrine 51.02 134 1.1
Quinidine 49.78 0.54 0.68
Ribavirin -10.75 -1.34 -1.70
Risperidone 36.31 0.55 0.63
Sotalol 21.90 -0.75 -1.41
Tacrine 50.13 0.45 0.55
Tamoxifen 52.95 1.57 1.04
Thioridazine 70.24 1.33 1.30
Tomoxetine 50.81 0.81 0.74
Trifluoperazine 68 1.52 1.19
Trimethoprim 12.83 -0.05 -0.07
Valproic acid 35.20 0.85 -0.80
Vancomycin 25.40 -1.15 -1.50
Verapamil 44.82 1.00 0.58
Warfarin 23.53 1.42 0.69
Zidovudine 1.56 -0.875 -1.71
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Table S3. Physicochemical and ionization-related descriptors of the studied compounds, including molecular
properties (MW, HBD, HBA, TPSA), lipophilicity (log P, log D7.4), fractional charge distribution (fpos, fneg, fow), and
Abraham hydrogen bonding descriptors (A, B), used for model development

Compound MW HBD HBA TPSA logP logD7s  fpos  freg fow A B Charge
Amiloride 229.63 8 8 156.79 0.1 -1.3 098 O 0 106 1.97 Base
Amiodarone 645.31 0 4 42.68 7.8 6.38 09 O 0 0 1.3 Base
Amlodipine 408.87 3 7 99.88 3.17 -1.56 099 O 0 036 219 Base
Amoxapine 313.78 1 4 36.86 3.07 2.72 058 O 0 0.16 143 Weakbase
Atenolol 266.34 4 5 84.58 0.16 -1.89 099 O 0 0.69 2 Base
Bupropion 239.74 1 2 29.1 3.37 2.96 064 O 0 0.09 1.02 Weakbase
Chloroquine 319.87 1 3 28.16 4.63 2.6 1 0 0 013 1.29 Base
Chlorpromazine 318.86 0 2 31.78 5.35 3.34 0.99 0 0 0 0.94 Base
Cimetidine 252.34 3 6 114.19 0.4 0.2 022 O 0 0.74 186 Weakbase
Citalopram 324.39 0 3 36.26 3.76 0.99 099 O 0 0 1.08 Base
Clozapine 326.82 1 4 30.87 3.32 4.68 058 0 0 018 1.44 Base
Desipramine 266.38 1 2 15.27 4.9 1.57 1 0 0 009 091 Base
Diclofenac 296.15 2 3 49.33 4.4 1.23 0 1 0 0.63 0.96 Acid
Doxycycline 444 .43 7 10 181.62 -0.02 -2.39 0 0.01 099 1.73 3.15 Zwitterion
Ebastine 469.66 0 3 29.54 7.55 6.14 097 O 0 0 1.41 Base
Flecainide 414.34 2 5 59.59 3.78 0.32 099 O 0 041 132 Base
Fluoxetine 309.33 1 2 21.26 4.5 2.44 1 0 0 013 0.78 Base
Fluvoxamine 318.33 2 4 56.84 3.63 2.32 0.96 0 0 0.23 1.14 Base
Furosemide 330.74 4 7 131.01 2.03 -1.59 0 1 0 135 145 Acid
Gemfibrozil 250.33 1 3 46.53 4.39 1.9 0 1 0 057 071 Acid
Hydroxyzine 374.9 1 4 35.94 3.5 1.94 0.78 0 0 0.1 1.89 Weak base
Imipramine 280.41 0 2 4.8 4.28 2.61 099 O 0 0 1.15 Base
Ketoconazole  531.43 0 8 69.06 4.34 3.98 015 O 0 0 2.22 Weak base
Lidocaine 234.34 1 3 32.34 2.26 2.44 078 O 0 012 1.21 Base
Loratadine 382.88 0 4 42.43 5.2 494 0 0 0 0 1.14 Base
Loxapine 327.81 0 4 28.07 3.04 2.69 058 O 0 0 1.49 Weak Base
Maprotiline 277.41 1 1 12.03 4.85 1.48 1 0 0 013 0.68 Base
Menadione 172.18 0 2 34.14 2.42 2.42 0 0 0 0 0.79 Neutral
Metergoline 403.52 1 5 46.5 4.66 3.62 092 O 0 021 1.48 Base
Mexiletine 179.26 2 2 35.25 2.15 0.94 09 O 0 023 09 Base
Mibefradil 495.63 1 6 67.45 4.97 2.37 1 0 0 035 138 Base
Ofloxacin 361.37 1 7 73.32 -0.39 -2.34 0.05 0.10 0.85 0.57 2.05 Zwitterionic
Paracetamol 151.16 2 3 49.33 0.46 0.23 0 0 0 1.04 0.86 Neutral
Perphenazine  403.97 1 4 55.25 3.69 3.86 074 0 0 023 1.84 Base
Procainamide  235.32 2 4 58.36 0.88 -0.83 099 O 0 0.5 1.45 Base
Prochlorperazine 373.94 0 3 35.02 4.79 4.15 08 O 0 0 1.47 Weak base
Promazine 284.42 0 2 31.78 4.55 2.61 099 O 0 0 1.01 Base
Promethazine  284.42 0 2 31.78 4.81 2.35 0.99 0 0 0 1.09 Base
Propafenone 341.44 2 4 58.56 3.41 1.26 0.99 0 0 029 167 Base
Propranolol 259.34 2 3 41.49 3.09 0.89 0.99 0 0 017 142 Base
Protriptyline 263.38 1 1 12.03 491 4.04 088 O 0 013 0.73 Base
Quinacrine 399.96 1 4 37.39 6.4 3.81 1 0 0 013 156 Base
Quinidine 324.42 1 4 45.59 2.64 1.06 095 O 0 023 1.81 Base
Sotalol 272.36 3 5 86.81 0.24 -1.35 091 0 0.08 0.74 175 Weakbase
Tacrine 198.26 2 2 38.91 2.71 0.48 1 0 0 0.23 0.76 Base
Tamoxifen 371.51 0 2 12.47 6.52 5.2 0.96 0 0 0 1.11 Base
Thioridazine 370.58 0 2 57.08 5.9 4.17 099 O 0 0 1.13 Base
Tomoxetine 255.16 1 2 23.1 3.7 1.22 1 0 0 0 0.75 Base
Trimethoprim  290.32 4 7 105.51 0.91 0.71 047 O 0 028 1.62 Base
Valproic acid 144.21 1 2 37.3 2.75 -0.2 0 1 0 061 0.45 Acid
Vancomycin 1449.25 21 33 530.49 -2 -5.18 0 0.12 0.88 5.81 10.56 Zwitterion
Zidovudine 267.24 2 9 109.19 0.05 -0.8 0O 001 0 047 1.84 Neutral
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Table S4. Summary statistics of pECso values and PLD class distribution for the training and external test sets.

pPECso pPECso pPECso pECso  pECso Contribution in the set, %
Set n pECsomean . . -
median SD min max Range Non-inducers Weak/moderate Strong
Train 52 4.63 4.85 0.706 3.10 5.87 2.77 25.0 38.5 36.5
Test 13 4.51 473 0.765  3.00 541 241 30.8 38.5 30.8
Table S5. Complete MLR models and statistical parameters for phospholipidosis prediction
Model Equation R* R%4 Q> Q% RMSE, RMSEP F p-value  VIF
log D74 pPECso =4.33 +0.182:log D74 0.365 0.353 0.301 0.676 0.584 0.423 28.8 2.08x10°¢ 1.00
'°ng7’4+ PECso = 3.68 + 0.177-log D74+ 0.878 fnos 0.579 0.561 0.479 0.761 0.504 0.364 33.6 6.38x10° 1.02
pos
log P PECso = 3.86 + 0.232:log P 0.478 0.467 0.420 0.648 0.533 0.441 45.8 1.40x10% 1.00
log P + foos PECso = 3.43 + 0.208:log P + 0.681fy0s 0.601 0.585 0.487 0.680 0.501 0.421 36.9 1.65x101° 1.08
CHI IAM PECs0 = 3.08 + 0.0382-CHI IAM 0.699 0.693 0.657 0.821 0.410 0.315 116 1.21x10* 1.00
CTIfIAM PECso = 3.23 + 0.0356:CHI IAM - 0.347-f1eg 0.724 0.713 0.689 0.823 0.390 0.313 64.3 1.97x10 1.11
neg
CHI IAM
+log k PECso = 3.59 + 0.0225-CHI IAM + 0.317:log kage  0.740 0.729 0.700 0.766 0.383 0.360 69.8 4.61x101> 3.69
AGP
log kagp PECso = 4.36 + 0.655-log kagp 0.677 0.671 0.648 0.539 0.415 0.506 105 7.12x10 1.00
log k
°ffAGP PECso = 4.06 + 0.594-log kagp + 0.444-foss 0726 0.715 0.665 0.586 0.404 0.479 64.9 1.71x10% 1.17
pos
log kusa PECso = 4.32 + 0.482-log knsa 0.313 0.299 0.219 0.457 0.618 0.549 22.8 1.63x10> 1.00
'°+gfk“SA PECso = 3.47 + 0.550-108 Kusa + 1.08-fos 0.631 0.616 0.513 0.651 0.488 0.440 42.0 2.42x101 1.42
pos
log knsa

foos +f PECso = 3.70+0.544-l0og ksa+0.888-fp0s-0.562-fneg 0.695 0.676 0.597 0.682 0.444 0.420 36.5 1.97x1012 1.50
pos neg

Table S6. Performance of PLS models using CHI IAM and log kacp

Model Components R? Qv Qext RMSEcy RMSEP
CHIIAM + log kacp 1 0.748 0.714 0.747 0.369 0.435
CHIIAM + log kacp 2 0.769 0.700 0.759 0.378 0.428

Table S7. Full performance of all ordinal regression models
. Accuracy Macro F1 Macro OVR
2%
Model logLik - AIC BIC  R™ 570V Test Tran OV  Test TrainAUC CVAUC TestAUC

CHI IAM -31.5 69.1 74.9 0.440 0.692 0.692 0.769 0.689 0.687 0.778 0.876 0.860 0.923

CHI IAM + freg -305 690 768 0458 0.731 0.731 0.769 0.734 0.730 0.778 0.882 0.848 0.906
CHIIAM + log kage  -30.2 684 76.2 0.463 0.692 0.654 0.615 0.692 0.656 0.588 0.886 0.838 0.940

log kacp -35.0 760 819 0377 0.692 0.673 0.769 0.692 0.670 0.761  0.837 0.823  0.861
log kacp + fpos -309 698 776 0451 0.769 0.692 0.692 0.777 0.697 0.652  0.886 0.867  0.829
log kisa -48.7 103 109 0.134 0.558 0.538 0.615 0.555 0.534 0.622  0.723 0.704  0.795

log Kusa + foos -37.4  82.9 90.7 0.334 0.654 0.654 0.538 0.653 0.646 0.509  0.823 0.794 0.839
log Kusa + foos + freg -34.1  78.2 88.0 0.394 0.673 0.635 0.615 0.675 0.630 0.613  0.848 0.808 0.871

log Dy.4 -46.8  99.5 105 0.169 0.519 0.558 0.692 0.522 0.555 0.689 0.741 0.721 0.915
log D7.4 %+ foos -37.9 837 915 0327 0.59% 0.596 0.615 0.599 0.596 0.613  0.828 0.801 0.898
log P + foos -36.1 80.2 88.0 0358 0.596 0.596 0.692 0.598 0.590 0.689  0.842 0.806 0.855
log P -41.5 89.0 949 0.262 0.654 0.654 0.615 0.644 0.644 0.588 0.796 0.764  0.847

*McFadden’s R?

Table S8. Coefficients of ordinal regression models

Model Term Ordinal logit coefficient ()  Std. Error  z-value p-value 95% Cllow 95% Cl high
CHI IAM CHI 1AM 0.198 0.0427 4.64 3.50x10% 0.114 0.282
CHIIAM + foeg CHI 1AM 0.188 0.0432 435 1.37x10°  0.103 0.272
freg -1.63 1.15 -1.42 0.156 -3.88 0.624
CHI IAM CHI IAM 0.143 0.0517 2.77 0.00567 0.0417 0.244
+ log kacp log kace 1.38 0.885 1.56 0.119 -0.354 3.11
log kacp log kacp 3.15 0.742 424 2.19x10°  1.70 4.61
log kacp log kace 3.33 0.845 3.95 7.94x10° 1.68 4.99
+ fpos foos 2.99 1.14 2.63 0.00866 0.757 5.22
log ksa log knsa 1.43 0.408 3.51 4.51x10* 0.631 2.23
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Model Term Ordinal logit coefficient ()  Std. Error  z-value p-value 95% Cllow 95% Cl high
log Kisa + foos log kusa 2.12 0.506 4.19 2.74x10° 1.13 3.11
fros 4.59 1.16 3.95 7.90x10° 231 6.87
log Kisa + foos log kusa 2.32 0.568 4.08 4.53x10° 1.20 3.43
+ foeg fros 3.99 1.17 3.42 6.30x10* 1.70 6.28
freg -2.85 1.23 -2.32  0.0203 -5.26 -0.444
log D7.4 log D7.4 0.569 0.150 3.79 1.53x10* 0.275 0.864
log D7.4 0.718 0.179 4.01 6.00x10° 0.367 1.07
log D7.4+ fpos N
Sfros 3.64 1.00 3.64 2.75x10% 1.68 5.61
log P 0.900 0.212 4.24 2.20x10° 0.484 1.32
log P + foos
fros 2.96 0.983 3.01 0.00259 1.03 4.89
log P log P 0.866 0.196 4.42 1.00x10° 0.482 1.25
Table S9. Cutpoint estimates of ordinal regression models
Model Cutpoint Estimate Std. Error z-value p-value 95% Cllow  95% Cl high
CHI 1AM 0/1 5.69 1.47 3.88 1.05x10* 2.81 8.56
1/2 1.36 0.232 5.87 4.36x10° 0.908 1.82
CHIIAM + freg 0/1 4.79 1.50 3.19 0.00141 1.85 7.73
1/2 1.46 0.245 5.93 2.95x10° 0.975 1.94
CHI 1AM 0/1 3.88 1.72 2.25 0.0244 0.500 7.25
+ log kacp 1/2 1.45 0.245 5.92 3.27x10° 0.969 1.93
log kacs 0/1 -0.568 0.536 -1.06 0.289 -1.62 0.482
1/2 1.21 0.226 5.37 7.98x10°® 0.770 1.66
log kaes + s 0/1 1.37 0.924 1.48 0.139 -0.443 3.18
1/2 1.42 0.247 5.73 1.00x10° 0.933 1.90
log kisa 0/1 -0.517 0.389 -1.33 0.184 -1.28 0.246
1/2 0.748 0.206 3.64 2.74x10* 0.345 1.15
log Kisa + foos 0/1 2.85 0.946 3.01 0.00262 0.993 4.70
1/2 1.15 0.224 5.13 2.90x107 0.711 1.59
log knsa 0/1 1.84 0.965 1.90 0.0571 -0.055 3.73
+ foos + freg 1/2 1.30 0.236 5.53 3.24x10°® 0.842 1.77
log D7 0/1 -0.502 0.386 -1.30 0.193 -1.26 0.254
’ 1/2 0.791 0.204 3.87 1.08x10* 0.390 1.19
log Dra + foos 0/1 2.05 0.852 241 0.0161 0.381 3.72
’ 1/2 1.07 0.214 5.02 5.11x107 0.655 1.49
log P + foos 0/1 3.15 0.985 3.20 0.00140 1.22 5.08
1/2 1.16 0.218 5.31 1.08x107 0.731 1.58
log P 0/1 1.12 0.610 1.83 0.0677 -0.0810 2.31
1/2 0.961 0.210 4.58 4.57x10°® 0.550 1.37
B Train
[0 Test
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Figure S1. Distribution of pECso values in the training and external test sets, demonstrating the preservation
of activity range and representativeness between the two subsets
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Figure S2. Distribution of compounds across charge classes in the training and test sets, showing consistent
representation of ionization states following ordinal dataset splitting
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Figure S3. Training-set confusion matrix for the ordinal regression model based on CHI IAM. Misclassifications
occurred mainly between adjacent phospholipidosis classes, with no direct confusion between non-inducers

and strong inducers
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Figure S4. Training-set multiclass receiver operating characteristic curves for the CHI IAM ordinal regression
model. Curves were generated using a one-vs-rest approach, in which each PLD class was treated as the
positive class, and the remaining two classes were combined as the negative group
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