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Abstract

Human OAT1 and OAT3 play major roles in renal drug elimination and drug-drug interactions. 

However, there is little information on the interactions of drug metabolites with transporters. The 

goal of this study was to characterize the interactions of drug metabolites with OAT1 and OAT3 

and compare their potencies of inhibition with those of their corresponding parent drugs. Using 

HEK293 cells stably transfected with OAT1 and OAT3, 25 drug metabolites and their 

corresponding parent drugs were screened for inhibitory effects on OAT1-and OAT3-mediated 6-

carboxyfluorescein uptake at a screening concentration of 200 μM for all but 3 compounds. 20 and 

24 drug metabolites were identified as inhibitors (inhibition > 50%) of OAT1 and OAT3, 

respectively. Seven drug metabolites were potent inhibitors of either or both OAT1 and OAT3 with 

Ki values less than 1 μM. 22 metabolites were more potent inhibitors of OAT3 than OAT1. 

Importantly, one drug and four metabolites were predicted to inhibit OAT3 at unbound plasma 

concentrations achieved clinically (Cmax,u/Ki values ≥ 0.1). In conclusion, our study highlights the 

potential interactions of drug metabolites with OAT1 and OAT3 at clinically relevant 

concentrations, suggesting that drug metabolites may modulate therapeutic and adverse drug 

response by inhibiting renal drug transporters.
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Introduction

Drug-drug interactions (DDIs), through modulating drug levels, play important roles in drug 

safety and efficacy. In fact, the use of concomitant medications resulting in DDIs has been 

associated with serious adverse drug reactions, which have led to the removal of a number of 

drugs from the market (e.g., terfenadine1 and cerivastatin2). Many DDIs are mediated by 

drug metabolizing enzymes,3 but recently transporters in the intestine, liver and kidney have 

been recognized as important targets for DDIs.4,5 Concomitant medications that inhibit drug 

transporters in these organs may interfere with drug absorption, distribution or elimination, 

leading to high drug levels and accordingly, adverse drug reactions.

In the kidney, transporters located in the tubular epithelium are involved in the disposition 

and excretion of prescription drugs and their metabolites. In particular, human organic anion 

transporter 1 and 3, OAT1 (SLC22A6) and OAT3 (SLC22A8), expressed on the basolateral 

membrane of the renal proximal tubule, are secretory transporters. These transporters 

contribute to the tubular secretion of a variety of drugs belonging to various therapeutic 

classes, including beta-lactam antibiotics, loop diuretics, non-steroidal anti-inflammatory 

drugs, and antiviral nucleoside analogs.6–9 Because of their roles in drug accumulation in the 

kidney as well as overall drug elimination, OAT1 and OAT3 are major determinants of the 

efficacy, adverse drug reactions, and renal toxicities of a number of drugs.4,10,11 For 

example, probenecid, a known inhibitor of OAT1, is used clinically in conjunction with 

cidofovir in order to reduce its accumulation in renal proximal tubular cells and prevent its 

toxicity.12 Historically, probenecid was coadministered with penicillin in World War II to 

decrease its overall renal secretion, mediated by organic anion transporters, and therefore 

increase its systemic levels.13 Based on clear implications of the involvement of OAT1 and 

OAT3 in drug efficacy and safety, evaluation of a new molecular entity’s interaction 

potential with OAT1 and OAT3 has become an integral part of drug development and 

regulatory review before its market approval.14–16

To date, DDI studies have focused primarily on parent compounds, although more than 75% 

of the top 200 marketed drugs are eliminated by metabolism.17 Because drug metabolites are 

generally inactive or substantially less active than their parent compounds, they are largely 

ignored during drug development. In fact, few studies have examined the role of drug 

metabolites as inhibitors of clinically important drug transporters and mediators of DDIs. It 

is reasonable to speculate that drug metabolites derived from parent compounds which are 

known ligands of particular transporters may contribute to DDIs mediated by these 

transporters. For example, glucuronide conjugates of nonsteroidal anti-inflammatory drugs 

(NSAIDs), which are known ligands of OATs, inhibit OAT-mediated uptake of methotrexate 

in cellular studies18 consistent with the notion that metabolites of ligands for OAT1 and 

OAT3 may potentially cause DDIs.

The goal of this study was to determine whether drug metabolites inhibit human OAT1 and 

OAT3 and characterize their interactions with the two transporters. We selected metabolites 

of drugs that are highly metabolized. In particular, we examined the inhibitory effect of 25 

drug metabolites that are commercially available and measurable in the systemic circulation 

on the transport activities of human OAT1 and OAT3. We further characterized the kinetics 
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of inhibition to understand the comparative potency of the metabolites versus their 

respective parent compounds towards the two renal transporters. Inhibition potencies were 

compared to clinical unbound concentrations of drugs and metabolites (where available) to 

predict their potential to cause clinically relevant DDIs. Our studies revealed that many drug 

metabolites are potent inhibitors of OAT1 and OAT3 with the majority of metabolites being 

more potent inhibitors of OAT3 over OAT1. Notably, some metabolites, such as sulindac 

sulfide, sulindac sulfone and abiraterone sulfate, are predicted to inhibit OAT3 at clinically 

relevant unbound plasma concentrations, underscoring the potential impact of drug 

metabolites on OAT1-and OAT3-mediated clinical DDIs.

Materials and Methods

Chemicals and Reagents

Sources of drugs and drug metabolites are listed in Supplementary Table S1. 6-

Carboxyfluorescein (6CF) was purchased from Sigma-Aldrich (St. Louis, MO).

Cell Line and Cell Culture

HEK293-Flp-In cells stably transfected with the empty vector, SLC22A6, or SLC22A8 were 

grown as described previously.19 In brief, cells were cultured in DMEM supplemented with 

10% fetal bovine serum, penicillin (100 U/mL), streptomycin (100 μg/mL), sodium pyruvate 

(110 μg/mL) and hygromycin B (100 μg/mL) at 37 °C in a humidified incubator with 5% 

CO2.

Transporter Uptake Studies

The uptake assays have been described previously.19 In brief, empty vector-transfected cells, 

OAT1-and OAT3-overexpressing cells (8 × 104 cells/well) were seeded in black wall poly-

D-lysine-coated 96 well plates for 24 h to reach 95% confluence. Before the uptake 

experiment, cell culture medium was removed, and the cells were washed with Hank’s 

balanced salt solution (HBSS). The uptake was initiated by incubating cells with HBSS 

containing desired concentrations of 6CF. The uptake was performed at 37 °C and was 

terminated by washing the cells two times with ice-cold HBSS. Fluorescence in cells was 

measured using a fluorescence microplate reader with excitation and emission wavelengths 

at 485 nm and 535 nm, respectively. Transporter-mediated 6CF uptake was determined by 

subtracting background uptake from the empty vector-transfected cells. The known inhibitor 

of OAT1 and OAT3, probenecid, was used at 200 μM as a positive control.

Inhibition of human OAT1-and OAT3-mediated 6CF uptake by parent drugs and drug 

metabolites. The methods used have been described previously19 and were modified slightly. 

Stably transfected cells were seeded in black-wall poly-D-lysine-coated 96-well plates for 

24 h to reach 95% confluence. Before the uptake experiment, cell culture medium was 

removed, and the cells were washed with Hank’s balanced salt solution (HBSS). For 

screening, inhibition studies of the uptake of 2 μM 6CF by OAT1 and 10 mM 6CF by OAT3 

were performed in triplicate at 37 °C in the presence of parent drugs and drug metabolites at 

200 μM (or specified concentrations for those with limited solubility) (Supplementary Table 

S3). The uptake was terminated at 3 min. Cells were washed twice with icecold HBSS 
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buffer. The IC50 values were calculated as previously described by GraphPad Prism 

software.20 The Ki value was calculated based on the following equation, where S and Km 

values for OAT1-mediated 6CF uptake are 2 μM and 15.1 μM, respectively, and S and Km 

values for OAT3-mediated 6CF uptake are 10 μM and 10.7 μM, respectively.

Ki =
IC50

1 + S
Km

Statistical Analysis

In general, in the screening, three replicates of the effects of each drug or metabolite on 6CF 

uptake were performed. For the inhibition potency studies, IC50 values were obtained from 

one experiment with three replicate determinations for each concentration. Statistical 

analyses, as specified in the legends of the figures, were performed to determine significant 

differences between controls and study groups. The data were analyzed using GraphPad 

Prism 8 (La Jolla, CA). A p-value <0.05 was considered statistically significant. Linear 

regression was also done by GraphPad Prism 8 showing R2 for OAT1 and OAT3.

Results

Drug and drug metabolites screened were from many pharmacological classes. In total, 25 

drug metabolites were tested for their inhibitory effects on human OAT1-and OAT3-

mediated 6carboxyfluorescein (6-CF) uptake19 (Supplementary Fig. S1). The inhibitory 

effect of 19 parent drugs, from which the drug metabolites were derived, was also 

determined for comparison. These drugs were from 9 pharmacologic classes, including 

nonsteroidal anti-inflammatory drugs (NSAIDs, N = 9), antidiabetic agents (N = 3), 

antineoplastic agents (N = 2), and others (Fig. 1, Supplementary Table S2). The metabolites 

studied were the products of Phase I (e.g., hydroxylation) and Phase II (e.g., glucuronidation 

and sulfation) metabolism of the 19 parent compounds.

Drug metabolites were generally more potent inhibitors of OAT3-than OAT1-mediated 6CF 

uptake. At the screening concentration of 200 μM except for those with limited solubility 

(Supplementary Table S3), 20 drug metabolites were identified as OAT1 inhibitors and 24 

were identified as OAT3 inhibitors (Table 1). Potency studies were conducted for each 

inhibitor by determining their effects at various concentrations on OAT1-or OAT3-mediated 

6CF uptake. Two metabolites were potent inhibitors of OAT1 whereas seven metabolites 

were potent OAT3 inhibitors (Ki values less than 1 μM) (Table 1). In addition, 22 of the 25 

drug metabolites were more potent inhibitors of OAT3 than of OAT1 (Fig. 2A, Table 1, 

Supplementary Fig. S2). Abiraterone N-oxide sulfate, (S)-naproxen acyl-β-D-glucuronide, 

4-hydroxy-trazodone, and imatinib (piperidine)-4-oxide were inhibitors of OAT3 with Ki 

values ranging between 1.36 μM and 64.2 μM; however, none of these four metabolites 

inhibited OAT1 at concentrations of 100 μM or 200 μM. In addition, the Ki values of nine 

metabolites for OAT3, such as sulindac sulfone and celecoxib carboxylic acid, were at least 

12 times lower in comparison with the Ki values for OAT1, indicating that these drug 

metabolites are more potent inhibitors of OAT3 than of OAT1 (Table 1). From a chemical 
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perspective, the average molecular weight of drug metabolites having >10-fold higher 

potency towards OAT3 (over OAT1) was significantly higher than the average molecular 

weight of the drug metabolites having ≤ 10-fold potency towards OAT3 (p < 0.05) (Fig. 2B).

Drug metabolite Ki values were more correlated with parent drug Ki values for OAT3 than 

for OAT1. IC50 studies were also performed for the 19 parent drugs corresponding to the 

tested drug metabolites. Our study confirmed that 11 drugs previously identified as OAT1 

and OAT3 inhibitors were indeed inhibitors of the two transporters, e.g., losartan, 

probenecid, and diclofenac (Table 2). In addition, we determined that meloxicam, 

rosiglitazone, imatinib, warfarin, chlorzoxazone, and trazodone were inhibitors of the 

transporters (Table 2). These drugs are not listed as OAT1 or OAT3 inhibitors in Drugbank 

(https://www.drugbank.ca/). Of the 17 parent compounds that inhibited OAT1 or OAT3, 16 

were more potent inhibitors of OAT3 than OAT1, with the ratio of Ki values for OAT1 over 

OAT3 greater than 1 (Fig. 3A, Table 2). The average molecular weight of the parent drugs 

having >10-fold higher potency towards OAT3 (over OAT1) was significantly higher than 

the average molecular weight of the drugs having ≤ 10-fold potency towards OAT3 (p < 

0.05) (Fig. 3B). These data agree with the inhibitory characteristics of drug metabolites, 

which also show greater potencies for inhibiting OAT3 compared with OAT1 (Fig. 2A, Table 

1) and higher molecular weights (Fig. 2B). In fact, the Ki values of drug metabolites were 

better correlated with the Ki values of parent drugs for OAT3 (R2 = 0.556) (Fig. 4A) than for 

OAT1 (R2 = 0.018) (Fig. 4B).

Some drug metabolites were more potent inhibitors of OAT1 or OAT3 compared to their 

corresponding parent compounds. Although drug metabolites generally had higher Ki values 

than their parent drugs (Fig. 4A and B), we found that eight drug metabolites were equal to 

or more potent in inhibiting OAT1-mediated 6CF uptake than the corresponding parent 

drugs. (Supplementary Table S4). Similarly, seven drug metabolites were equal to or more 

potent in inhibiting OAT3 than their parent molecules (Supplementary Table S5). For 

example, losartan carboxylic acid was 16.5 times more potent in inhibiting OAT1 

(Supplementary Table S4) and 3.6 times more potent in inhibiting OAT3 (Supplementary 

Table S5) than losartan. In addition, abiraterone and celecoxib were not inhibitors of OAT1 

and OAT3 (Supplementary Table S5) while abiraterone N-oxide sulfate, abiraterone sulfate 

and celecoxib carboxylic acid were potent inhibitors of OAT3 with Ki values of 1.36 μM, 

1.83 μM and 8.43 μM, respectively (Supplementary Table S5). Similarly, abiraterone sulfate 

and celecoxib carboxylic acid were inhibitors of OAT1 with Ki values of 38.2 μM and 262 

μM, respectively (Supplementary Table S4).

Some drug metabolites are predicted to inhibit OAT3 at clinically relevant unbound plasma 

concentrations. According to the FDA guidance,21 any drug with Cmax,u/IC50 ≥ 0.1 for 

OAT1 and OAT3 should be considered for a clinical DDI study. Cmax,u is the maximal 

unbound plasma concentration of a drug. Consideration of conducting a clinical DDI study 

depends on many other factors such as therapeutic window of the “victim” drug, and 

likelihood of use of the inhibitor with concomitant medications need to be considered.22 

Nevertheless, using these criteria, the potential clinical significance of drug and drug 

metabolites was examined by determining Cmax,u/Ki values for OAT1 and OAT3. Notably, 

sulindac, its active metabolite, sulindac sulfide, and its inactive metabolite, sulindac sulfone, 
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showed Cmax,u/Ki ≥ 0.1 for OAT3 (Table 3). In addition, losartan had a Cmax,u/Ki value < 0.1 

for OAT3, but its active metabolite, losartan carboxylic acid, had a Cmax,u/Ki value ≥ 0.1 

(Table 3), suggesting that the metabolite is more likely to inhibit the transporter clinically 

than the parent drug. Similarly, abiraterone did not inhibit OAT3 but its inactive metabolite, 

abiraterone sulfate, had a Cmax,u/Ki value of 0.137 (Table 3).

Discussion

Many drugs undergo biotransformation by Phase I and Phase II metabolizing enzymes to 

form more polar and less membranepermeable drug metabolites.23 Thus, to enter cells or 

subcellular organelles, many drug metabolites require membrane transporters.24 However, 

our understanding of the interaction of drug metabolites with transporters is extremely 

limited. In particular, many drug metabolites are poorly characterized during drug 

development because they are inactive with respect to their pharmacological targets. 

However, it is reasonable to postulate that drug metabolites may be ligands (substrates or 

inhibitors) of membrane transporters, particularly metabolites of parent drugs which are 

ligands of the transporters. That is, drug metabolites contain the chemical scaffold of the 

parent molecules and therefore may harbor the necessary structural elements that confer 

transporter specificity. In this study, we evaluated the interaction of a number of drug 

metabolites and their corresponding parent compounds with human OAT1 and OAT3, key 

determinants of drug excretion and major targets for drug-drug interactions.

Our study led to three major findings. First, metabolites of the drugs studied were inhibitors 

of OAT1 and OAT3, and consistent with the inhibitory characteristics of their respective 

parent compounds, their potency for inhibition of OAT3 was generally greater than for 

OAT1. Second, though parent compounds were generally more potent inhibitors of OAT1 

and OAT3 than their metabolites, this was not always the case. That is, some drug 

metabolites were considerably more potent inhibitors than their parent compounds. Third, 

some metabolites are predicted to cause clinically relevant DDIs based on current criteria 

used by the U.S. Food and Drug Administration.23 Below we discuss each of our findings.

First, we observed that drug metabolites were inhibitors of OAT1 and OAT3, and consistent 

with the inhibitory characteristics of their respective parent compounds, their potency for 

inhibition of OAT3 was generally greater than for OAT1. Though there are no high-

resolution crystal structures of the transporters or indeed any transporter in the human 

SLC22 family,25 several studies using homology modeling have demonstrated structural 

differences between OAT1 and OAT3, including differences in the substrate binding sites of 

the two transporters.26 Further, the molecular features distinguishing inhibitors from non-

inhibitors, such as molecular weight and volume are distinct for the two transporters.26–28 

Consistent with the notion that higher molecular weight is an important feature of OAT3, but 

not OAT1 inhibitors,28 we observed that the average molecular weight was significantly 

larger for both parent drugs and metabolites having >10-fold inhibition potency ratio (OAT3/

OAT1) compared to those having ≤10-fold inhibition potency ratio (Figs. 2B and 3B). In 

addition, whereas naproxen, trazodone and imatinib inhibited OAT1 with Ki values of 3.23 

μM, 19.9 μM and 29.2 μM, respectively (Table 2), their bulkier (higher molecular weight) 

metabolites did not inhibit OAT1 at 200 μM (Table 1). In contrast, these metabolites 
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remained inhibitors of OAT3 with Ki values within 0.7–5.7-fold of the respective Ki values 

for their parent drugs. These results further support the idea that compounds with bulkier 

groups or larger volumes generally prefer to interact with OAT3 rather than OAT1.26,28

Second, though parent compounds were generally more potent inhibitors of OAT1 and 

OAT3 than their metabolites, there were some notable exceptions. The most striking 

examples were celecoxib and abiraterone, both of which were non-inhibitors of OAT1 and 

OAT3 at screening concentrations of 200 μM and 20 μM, respectively (Table 2). Celecoxib 

is a neutral compound, which may be the reason why it did not inhibit OAT1 and OAT3, 

which prefer anionic compounds. In contrast, the metabolite, celecoxib carboxylic acid, has 

an acidic pKa of 3.9829 and will thus form an anion at pH 7.4 that interacts with OAT1 and 

OAT3 (Table 1). For abiraterone, the basic pKa is 5.19,30 which indicates that most of the 

drug is in the unionized form at pH 7.4. Due to the low water solubility of abiraterone in 

DMSO, concentrations of 20 μM (rather than 200 μM) were used to screen the transporters, 

and at 20 μM, abiraterone did not inhibit OAT1 or OAT3 (Table 2). However, its metabolites, 

abiraterone N-oxide sulfate and abiraterone sulfate, are anions and therefore likely form 

more favorable interactions with the OAT1 and OAT3 binding pockets (Table 1). These 

results suggest that even if a drug is uncharged at physiological pH and therefore, not an 

inhibitor of OAT1 and OAT3, biotransformation may produce negatively charged 

metabolites that inhibit OAT1 and OAT3.

Our third finding has implications to clinical DDIs. That is, some metabolites are predicted 

to cause clinically relevant DDIs based on current criteria used by the U.S. FDA.21 Our 

studies identified several drug metabolites, including sulindac sulfide (active metabolite), 

losartan carboxylic acid (active metabolite), sulindac sulfone (inactive metabolite) and 

abiraterone sulfate (inactive metabolite), that have Cmax,u/Ki values ≥ 0.1 for OAT3 (Table 

3). It is worth noting that many drug metabolites may be generally more easily and rapidly 

eliminated from the body compared to parent drugs. In addition, for losartan carboxylic acid, 

abiraterone and its metabolites, their plasma unbound fraction was lower than 1% and 

according to FDA guidance, their Cmax,u values were calculated assuming that the unbound 

fraction is 1%. The use of 1% as the fraction unbound will result in a conservative estimate 

of the actual Cmax,u, which may be considerably lower. Thus, though application of the 

criteria (with a 1% fraction unbound) suggests that a clinical study is warranted, the 

likelihood of a clinical DDI will depend on the actual unbound drug concentrations and the 

time course of the metabolite in the body. However, a conservative approach is warranted, 

given that the parent compounds of these three metabolites are commonly prescribed drugs 

used in the treatment of chronic disorders in individuals who are likely to be on concomitant 

medications. For example, losartan is an anti-hypertensive drug, listed in the top 200 most 

highly prescribed drugs.31 Sulindac is a commonly prescribed NSAID used in the treatment 

of inflammatory conditions such as osteoarthritis,32 and abiraterone is used chronically to 

prevent recurrence of prostate cancer.33 Thus, there is a risk for the metabolites of these 

drugs to cause or contribute to DDIs in patients on concomitant medications. Although 

speculative, abiraterone sulfate may have contributed to rosuvastatin-induced 

rhabdomyolysis in a 76-year-old Caucasian man with metastatic prostate cancer treated with 

abiraterone.34 Renal clearance of rosuvastatin accounts for 28% of its total plasma 

clearance, with 90% of the renal clearance thought to result from OAT3-mediated tubular 
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secretion.35,36 Thus, higher plasma levels of rosuvastatin may have resulted from inhibition 

of renal tubular secretion by abiraterone sulfate in this individual, increasing his risk for 

rosuvastatin-induced rhabdomyolysis.

In conclusion, our study identified drug metabolites as potent inhibitors of OAT1 and OAT3, 

indicating that these transporters, and especially OAT3, may be targets for drug-drug 

metabolite interactions. Clinical pharmacologic studies are clearly needed to demonstrate 

proof of concept that drug metabolites may reduce renal tubule secretion of concomitantly 

administered drugs in vivo, and to determine if routine prospective characterization of drug 

metabolites as inhibitors of renal transporters is needed during drug development to ensure 

drug safety and efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Therapeutic categories of parent drugs used for testing as OAT1 and OAT3 inhibitors. In 

total 19 drugs were characterized for their inhibitory effects on OAT1-and OAT3-mediated 

6CF uptake in cells.
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Fig. 2. 
Comparison of inhibition potency of drug metabolites for OAT1 and OAT3. (a) The Ki 

values of 20 drug metabolites plus estrone sulfate (positive control) for OAT1 and OAT3 

were plotted. Each dot represents Ki values of each drug metabolite. The line was forced 

through x = 0 and y = 0 with an angle of 45° (indicating a slope of 1). The further a point is 

away from the line, the more different between the Ki values for OAT1 and OAT3. Five drug 

metabolites were not shown in the plot because they are not inhibitors of OAT1 and/or 

OAT3, including abiraterone N-oxide sulfate, (S)-naproxen acyl-β-D-glucuronide, 4-

hydroxy-trazodone, imatinib (piperidine)-4-oxide and 5-hydroxy rosiglitazone-β-D-

glucuronide. (b) Comparison of the averaged molecular weight of drug metabolites showing 

>10-fold inhibition potency ratio (OAT3/OAT1) with molecular weight of drug metabolites 

showing 10-fold inhibition potency ratio. *p < 0.05 (student’s unpaired t-test). The 

inhibition potency ratio is calculated by dividing the Ki value of a drug metabolite for OAT1 

by the Ki value of the same drug metabolite for OAT3. The higher the ratio, the higher the 

inhibition potency for OAT3.
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Fig. 3. 
Comparison of inhibition potency of parent drugs for OAT1 and OAT3. (a) The Ki values of 

17 drugs for both OAT1 and OAT3 were plotted. Each dot represents Ki values of each 

unique drug. The line was forced through x = 0 and y = 0 with the angle of 45° (indicating a 

slope of 1). The further a point is away from the line, the more different between the Ki 

values for OAT1 and OAT3. Two drugs were not shown in the plot because they are not 

inhibitors of OAT1 and OAT3, including celecoxib and abiraterone. (b) Comparison of 

molecular weight of parent drugs showing >10-fold inhibition potency ratio (OAT3/OAT1) 

with molecular weight of parent drugs showing ≤ 10-fold inhibition potency ratio. *p < 0.05 

(student’s unpaired t-test).
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Fig. 4. 
Correlation of Ki values between parent drugs and drug metabolites for OAT3 (A) and OAT1 

(B). For both (a) and (b) each point represents a pair of drug and drug metabolite with the 

parent drug Ki value showing on the x-axis and the drug metabolite Ki value showing on the 

y-axis. The line was forced through x = 0 and y = 0 with the angle of 45° consistent with a 

slope of 1. The further a dot is away from the line, the more different between the Ki values 

of a parent drug and the corresponding drug metabolite.
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Table 2

Ki Values for 19 Parent Drugs.

Drug Molecular Weight (g/mol)
a Ki (μM) Potency (hOAT3/hOAT1)

OAT1 OAT3

Indomethacin 357.788 4.35 0.11 39.5

Sulindac 356.411 56.8 1.65 34.4

Losartan 422.911 11.4 0.36 31.7

Glyburide 494.004 5.7 0.21 27.1

Meloxicam 351.401 6.88 0.54 12.7

Rosiglitazone 357.427 4.2 0.59 7.12

Trazodone 371.864 19.9 2.94 6.77

Probenecid 285.359 7.74 1.25 6.19

Pioglitazone 356.439 6.3 1.02 6.18

Chlorzoxazone 169.565 52.3 10.2 5.13

Warfarin 308.3279 15.8 3.11 5.08

Tolmetin 257.2845 3.01 0.81 3.72

Diclofenac 296.149 1.67 0.62 2.69

Imatinib 493.6027 29.2 14.5 2.01

Ketoprofen 254.2806 1.73 1.61 1.07

Flurbiprofen 244.2609 1.91 1.8 1.06

Naproxen 230.2592 3.23 4.75 0.68

Celecoxib 381.372 >200 >200 NA

Abiraterone 349.509 >20 >20 NA

NA: Not available.

a
Data from Drugbank or PubChem.
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Table 3

List of Drugs and Drug Metabolites with Cmax,u/Ki Values ≥ 0.1.

Compound Cmax (μM) Unbound 
Fraction 100, 
%

Cmax,u (μM) Ki(OAT1) 
(μM)

Cmax,u/Ki(OAT1) Ki(OAT3) 
(μM)

Cmax,u/
Ki(OAT3)

Sulindac
32.0

a
6.78%

a 2.24 56.8 0.039 1.65 1.36

Sulindac sulfide
22.6

a
6.01%

a
, 4.6%

b
0.14e1.5

b 3.68 0.038e0.408 0.66 0.212e2.27

Sulindac sulfone
4.48

a
2.1%

b
0.1e0.4

b 23.0 0.004e0.017 0.60 0.167e0.667

Losartan
0.814e1.44

c
1.4%

d 0.011e0.02 11.4 0.00096e0.0018 0.36 0.03e0.056

Losartan 
carboxylic acid 0.554e1.13

c
1%d,

e 0.005e0.011 0.69 0.007e0.016 0.10 0.05e0.11

Abiraterone
0.37

f
<1%

e 0.0037 >20 NA >20 NA

Abiraterone 
sulfate 25

f
<0.15%

e 0.25 38.2 0.0065 1.83 0.137

Abiraterone N-
oxide sulfate 9.2

f
0.22%

e 0.092 >100 NA 1.36 0.068

Values ≥ 0.1 are highlighted in bold.

NA: Not available.

a
https://doi.org/10.1002/j.1552–4604.1993.tb04699.x.

b
https://doi.org/10.1124/jpet.110.165852.

c
https://doi.org/10.1111/j.1365–2710.2011.01279.x.

d
Drugbank (https://www.drugbank.ca/drugs/DB00678).

e
According to FDA guidance (https://www.fda.gov/media/108130/download), the unbound fraction should be set to 1% if experimentally 

determined to be less than 1%.

f
https://doi.org/10.1002/cpdd.132.
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