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BENEFITS OF EPSA 

Internal Molecular Hydrogen Bonding (IMHB) 

Historically, the role of IMHBs in a molecule’s polarity has 

been challenging to understand.  IMHBs have been shown 

to play an important part in oral bioavailability.  Traditional 

measurements of membrane permeability, such as cell 

based screening or PAMPA, have not been effective with 

highly polar molecules
7
. Using EPSA to act as a detection 

method for IMHB has shown signs of being a better predictor 

of permeability with these compounds
1
.  

SFC-based EPSA Method 

The experimental method described is a fast SFC method to 

measure retention times differentiating amongst like-peptide 

analogs
1
. The EPSA method has been shown to discriminate 

cyclic peptides where calculations such as TPSA fail. 

The SFC condition is ideal for a separation when the desired  

H-bonding interaction is with the stationary phase rather than 

the solvent.  The low dielectric environment maintains the 

IMHB bond, while the chromatographic conditions resolve 

the compounds. Differences in retention behavior are 

observed even when PSAcalc values are nearly identical.  
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Correlation to RRCK cells 

In the case of peptides and other highly polar compounds, 

structure design involves monitoring permeability through cell 

monolayer screening systems, such as Caco-2 or RRCK
8
 

cells. Higher throughput and more cost effective methods are 

available for screening permeability, e.g. PAMPA and EPSA, 

described herein. Correlation between EPSA and RRCK cells 

have been described
1 
and shown to discriminate  the polarity 

amongst peptides compounds. 

CUSTOMER DATA SET 

A set of 100 compounds with calculated PSA (PSAcalc) values 

were analyzed.  The figure below shows three groups of 10-

20 compounds for which PSAcalc is essentially identical, 

despite structural differences (not disclosed). 

As seen in the graph below, the EPSA assay of the molecules 

in these groups does discriminate.  The Bin 1 compounds 

show the largest variation in apparent PSA, and the 

compounds in Bin 3 the least.  Correlation with in vivo data is 

needed to understand the predictive power of the assay. 

 

 

 

 

 

 

CONCLUSIONS 

 The EPSA assay is a valuable new tool that expands 

access to information critical to interpretation of 

bioavailability and pharmacokinetics studies.  

 The assay is straightforward to implement and reasonably 

fast on contemporary analytical scale SFC instrumentation. 

 EPSA can be a fast and cost effective means for screening 

high polar compounds for permeability or compounds with 

inter molecular hydrogen bonding. 

 The assay is easily transferable, rugged and reliable. 

 Low sample consumption and rapid turn around make 

adding this measurement easily justifiable 
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A Rapid Experimental Polar Surface Area (EPSA) Assay 
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Our results show excellent correlation with the published 

work, indicating the method is easily transferable.  Daily 

ruggedness has been established to <2% variance.      

INTRODUCTION 

Polar surface area, sometimes discussed as hydrogen bond 

availability, is a key physical property to understanding drug 

bioavailability. Most commonly a molecule’s Topological Polar 

Surface Area (TPSA) is calculated as a surrogate 

measurement of this property.  While valuable for rank 

ordering similar molecules, TPSA sometimes fails to 

differentiate when compounds undergo a conformational 

changes in solution. 

The EPSA (Experimental Polar Surface Area) assay, 

originally developed by Gilles Goetz et al. at Pfizer
1
, 

experimentally determines the relative degree of polar 

interaction in solution. Relative degree of polar interaction 

correlates with retention time under controlled Supercritical 

Fluid Chromatography (SFC) conditions. By operating in a 

less polar solvent system that is conducive to internal 

molecular hydrogen bond (IMHB) formation, SFC yields an 

EPSA measurement that more reliably reproduces data from 

membrane permeability assays. This poster discusses a 

simplified implementation of the assay in a high-throughput 

environment, and its use in rapid characterization of peptide 

drug discovery compounds and small molecule therapeutics. 

BACKGROUND 

Molecular polar surface area (PSA) is defined as a sum of 

surfaces of polar atoms (usually oxygens, nitrogens and 

attached hydrogens) in a molecule. This parameter has been 

shown to correlate very well with Caco-2 monolayer 

permeability, blood-brain barrier penetration and has been 

used successfully to predict the absorption of drugs
2,3

. PSA 

has been shown to be a better predictor of oral drug 

absorption than calculated log D or permeability
4
. Molecules 

with a PSA of greater than 140 angstroms squared tend to be 

poor at permeating cell membranes.  A PSA less than 60 

angstroms squared is usually needed
5
 for molecules to 

penetrate the blood–brain barrier.  Methods to improve the 

correlation between PSA and absorption of drugs have 

evolved over the years
6
. 

Chromatographic retention time, usually in reversed-phase 

gradient elution, correlates generally with  mobile phase 

solubility.  SFC conditions offer a potential advantage to a 

chromatographic PSA method, in that the nonpolar CO2 

eluent mixed with the weakly H-bonding solvent methanol 

permit strong interaction with a polar stationary phase.  The 

use of an aqueous solvent system as in reversed-phase 

HPLC would disrupt these interactions. 

Column:  Chirex (S)-Val and (R)-NEA, 4.6 x 250 mm   
(Phenomenex P/N 00G-3014-E0) 

Mobile Phase A:  CO2   

Mobile Phase B:  20mM Ammonium Formate in Methanol 

Gradient:   5-65%B over 8 min, Hold 65% B for 10 min, 
then return to initial conditions - 20 min end 

Flow Rate:  3 mL/min 

 Back Pressure:   2100 psi 

Detection:  UV / ELSD / MS (Compound dependent) 
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Assigned EPSA Value

Retention vs EPSA

Pfizer

Averica

Standard 
Assigned 

EPSA 

Observed 
Retention 

Time (min) 

Antipyrine 61 3 

Chlorpromazine 68 3.6 

Desipramine 87 4.7 

Pindolol 103 5.3 

Diclofenac sodium 135 7.8 

3-nitrobenzoic acid 157 9.4 

Bumetanide 185 10.7 

Furosemide 230 14.8 


