
Open access excipients, exploring their activities 

A tool to interrogate excipient 
properties, where they can be 
sourced, their use with drugs 

Do these “inactive” ingredients 
have specific molecular targets  



A public access excipients browser 
http://excipients.ucsf.bkslab.org/  

John Irwin, Enkhee Algaa 



Properties, drugs, trial formulations, vendors for  
~550 molecular excipients 



Products using propyl gallate… 

John Irwin, 
Enkhee Algaa 



Excipients linked to public information   

2. Purchasability (via ZINC) 
3. Link to functional 
databases (via ZINC) 

1. Approved formulations over time (from openFDA) 



Purchasable analogs for research  
Via ZINC 

John Irwin, Enkhee Algaa 



Detailed purchasing links to vendors:  



Search by route of administration 

Oral 

I.V. 

Topical 
John Irwin, Enkhee Algaa 



tA 3 Test in binding and 
functional assay 
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drug vs. tA 

drug vs. tB 

Statistical model 

1 For each excipient, 

tA 

2 Compare to ligands of 3000 targets 

… , 
tB 

Biological targets for inactive ingredients? 
Predicting 550 excipients vs. 3000 proteins 

Keiser, Nature 2009; Lounkine, Nature 2012 

… 



Example: SEA predicts propyl gallate will hit COMT 
(from its chemical similarity to COMT’s ligands) 

Propyl Gallate (antioxidant) 

Prediction: Catechol O-
Methyltransferase (COMT) 
SEA E-value: 2.2 x 10-13 

Known binders (IC50 < 10uM): 



Propyl Gallate inhibits COMT at 20 nM  
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Josh Pottel 



Systematic prediction & testing for excipient targets 

Excipients Predictions Tested Confirmed False Positive - 
Aggregators 

445 21565 73 31 4 

Excipient Structure Target SEA Score IC50 D/R Curve 

Propyl 
Gallate COMT  7.5 x 10-22 20  

nM 

D&C Red 
No. 28 

(Phloxine B) 

PRMT1 (Protein 
arginine methyl-

transferase) 
2.6 x 10-19 700 

nM 

D&C Red 
No. 28 

(Phloxine B) 
 

SLC22A6 (OAT1)  7.8x 10-16 64 nM 

Josh Pottel, Ling Zou 



Systematic prediction & testing for excipient targets 

Excipient Structure Target SEA Score IC50 D/R Curve 

FD&C Red 
No. 3 PRMT1 3.7 10-17 460 

nM 

Propyl-
paraben 

ESR1/ESR2 
(Estrogen 
receptor 

alpha/beta) 

1.7x 10-14 

2.6x 10-12 

66%/
58% 
@ 

10uM 

N/A 

Thymol 
5-HT2B 

(Serotonin 
receptor 2B) 

via 
propofol 9 uM N/A 

Josh Pottel, Laszlo Urban 



Systematic prediction & testing for excipient targets 

Excipient Structure Target SEA Score IC50 D/R Curve 

Acid Orange 
20 BRD4  1.4 x 10-25 25 uM 

D&C Brown 
No. 1 BRD4  1.1 x 10-27 46 uM 

Propyl 
Gallate 

Tyrosine 
hydroxylase 

via 
dopamine 

targets 
<5 uM 

100% 
inhibition @ 

30uM 

Josh Pottel 



Gut transporters as priority targets 
(16 hits for 31 predictions tested)  

Excipient Structure Ki (uM) 

Glycyrrhizin 165 

D&C Orange 
No. 4 1.9 

Docusate 
Sodium 2.3 

Lauryl Sulfate 2.8 

Neohesperidin 
Dihydrochalone 18 

Propylparaben 198 Josh Pottel, Ling Zou, 
Kathy Giacomini 



Open access excipients, exploring their activities 

A tool to interrogate excipients These “inactive” ingredients have 
specific on-target activities  
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