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Conclusions: We employed p-NPA as a universal 

substrate to optimize and establish a CES reaction 

phenotyping assay, which supports the metabolic 

evaluation and drug-drug interaction assessment of 

ester-containing compounds in early-stage drug 

development.

Results: The carboxylesterase substrate p-NPA demonstrated 

depletion within 60 minutes in CES1b, CES1c, CES2 

Supersomes  but not in blank insect control Supersomes  or KPi 

buffer. Additionally, the maximal metabolite formation of p-

nitrophenol (p-NP) was achieved at 60 minutes in CES1b, CES1c, 

CES2 Supersomes  but not in blank insect control Supersomes  

or KPi buffer (Figure 2 and 3). The half-lives of p-NPA were 0.280, 

0.373, and 0.239 hours in CES1b, CES1c, and CES2, respectively, 

while buffer control showed 7.24 hours of half-life (Table 1). Our 

data suggest that p-NPA can be used as a universal substrate with 

detectable activity across CES isoforms. These findings support the 

inclusion of CES phenotyping in early drug development, 

particularly for ester-containing compounds, and aid in improving in 

vitro–in vivo extrapolation (IVIVE) models.

Purpose: Reaction phenotyping is a cornerstone of 

drug metabolism studies, routinely applied to 

cytochrome P450 (CYP) and UDP-

glucuronosyltransferase (UGT) enzymes, to identify 

the main enzymes responsible for the metabolism of 

a new drug. According to the ICH M12 Guideline on 

Drug Interaction Studies, if a drug is not metabolized 

by the major CYP enzymes, other enzymes can be 

investigated. Carboxylesterases (CES), particularly 

CES1b, CES1c, and CES2, play a critical role in the 

biotransformation of ester- and amide-containing 

compounds. Their involvement is essential for the 

metabolic fate of such drug molecules, especially 

when CYP-mediated metabolism is minimal or 

absent. In this study, we present comprehensive 

reaction phenotyping data for CES1b, CES1c, and 

CES2 using recombinant human supersomes.

Method: The incubation concentrations of 

carboxylesterase substrate, p-nitrophenyl acetate (p-

NPA) and the protein concentrations of various 

supersomes were optimized. The final experimental 

conditions are summarized in Table 1. The p-NPA, 

was spiked into CES Supersomes  (CES1b, 

CES1c, and CES2), blank insect control 

Supersomes , and potassium phosphate buffer 

(KPi buffer; 0.1 M, pH 7.4), respectively. Immediately 

following the addition of p-NPA, samples designated 

as time zero (T = 0 min) were collected. Subsequent 

aliquots were collected at 5, 15, 30, 45, and 60 

minutes post-incubation. Each aliquot was 

transferred in triplicate into wells of a collection plate 

preloaded with quenching solution containing 100 

ng/mL tolbutamide. The plate was diluted and vortex-

mixed prior to LC-MS/MS analysis. Tolbutamide was 

used as the internal standard to calculate the 

analyte-to-internal standard peak area ratios. The 

clearance of p-NPA and the formation of its 

hydrolysis product, p-nitrophenol (p-NP), were 

monitored over the 1-hour incubation period in 

CES1b, CES1c, and CES2 Supersomes .

Compound 
Stability

(% Remaining)

Rate 

Constant (k)

Rate Constant 

Corrected (k')
Half-Life (h)

p-NPA (CES1b) 2.02 0.0424 0.0412 0.280

p-NPA (CES1c) 7.56 0.0322 0.0310 0.373

p-NPA (CES2) 8.91 0.0497 0.0483 0.239

p-NPA (Control: 16 µg/mL) 95.1 0.00120

N/A

9.66

p-NPA (Control: 32 µg/mL) 90.9 0.00142 8.12

p-NPA KPi 91.4 0.00160 7.24
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Table 2: Stability Time Course of p-NPA

Figure 1: Regression Analysis of Stability Time Course of p-NPA

Figure 2: Regression analysis of p-NP formation

Test 

Compound
SupersomesTM Final Protein 

Concentration (µg/mL)

p-NPA

(1mM)

CES1b 16

CES1c 16

CES2 32

Control 16 and 32

Table 1: Stability Time Course of p-NPA
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