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The increased focus on safety in clinical trials represents a formidable hurdle regarding the availability of marketed drugs. The 

lengthy experimental process of ensuring the safety of a drug creates a need for faster, more efficient identification of drug toxicities. 

Profiling for individual genetic variability could be an essential screening process for potential adverse effects, especially within 

different ethnic populations. The identification of such variants should improve the management of patient care by, for example, identifying 

which patients should avoid a specific drug and which patients should be administered a modified dose. A suitable approach in 

implementing such a strategy could potentially reduce medical costs and improve the overall process and success of drug therapy. 

For example, polymorphisms in cytochrome P450 (CYP) 2C9, an enzyme involved in a variety of drug metabolisms, should be considered 

during future drug development of novel non-steroidal anti-inflammatory drugs (NSAIDs) because individuals with several variant 

alleles (eg, CYP2C9*2 and CYP2C9*3) have demonstrated decreased metabolic clearance compared with individuals with the wild-type 

enzyme (CYP2C9*1). The widespread use of NSAIDs, along with an increase in the occurrence of inflammatory diseases (such as arthritis) 

in aging populations, creates an incentive to consider CYP polymorphisms in treatment strategies.
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Case study of the polymorphisms of CYP2C9 
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Table 1. Agents in clinical use that are metabolized by CYP2C9.

Agent type Agent name

Angiotensin II receptor antagonist Losartan

Irbesartan

Candesartan

Anti-asthmatics Zafirlukast

Zileuton

Anticancer agents Cyclophosphamide

Tamoxifen

Anticonvulsants Phenytoin

Phenobarbital

Trimethadione

Anti-inflammatory NSAIDs Flurbiprofen

Diclofenac

Naproxen

Piroxicam

Suprofen

Ibuprofen

Mefenamic acid

Celecoxib

Lornoxicam

Meloxicam

Diuretics and uricosurics Torsemide

Ticrynafen

Sulfinpyrazone sulfide

Endogenous compounds Arachidonic acid

5-Hydroxytryptamine

Linoleic acid

Oral anticoagulants Warfarin

Acenocoumarol

Phenprocoumon

Oral hypoglycemics Tolbutamide

Glyburide

Glipizide

Glimepiride

Nateglinide

Rosiglitazone

Miscellaneous Amitriptyline

Fluoxetine

Fluvastatin

This table shows the broad variety of substrates that are 
metabolized by CYP2C9. See references [1,23,30] for further 
information.
CYP cytochrome P450, NSAID non-steroidal anti-inflammatory drug
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Figure 1. COX-2 inhibition modeling: Experimental pIC
50

 values 
compared to QSAR-derived pIC

50
 predictions.

The clustering about the regression line implies that most of 
these structural derivatives share a similar affinity for COX-2 binding. 
The outliers could signify differences in the parent compounds 
(R2 = 0.6609).
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Table 2. COX-2 inhibition modeling: Experimentally derived values for metabolite affinity (K
m

), rate of metabolite reaction (V
max

), clearance 
interval (CL

int
), and substrate inhibition (K

i
).

Parent group Parent structure Compound

number1

Substituents CYP2C9

(K
m

)

CYP2C9

(V
max

)

CYP2C9

(CL
int

)

CYP2C9

(K
i
)

Pyrroles 

R
2 R

1

N

R
3

22 compounds

2 R
1
 = 4-SO

2
Me

R
2
 = 4-F

R
3
 = H

R
4
 = H

-0.95 1.43 2.38 -1.03

10 R
1
 = 4-F

R
2
 = 4-SO

2
Me

R
3
 = Me

R
4
 = CH

2
N(CH

3
)

2

-0.97 0.64 1.61 -1.15

20 R
1
 = 4-COCH

3

R
2
 = 4-SO

2
Me

R
3
 = Me

R
4
 = H

-0.87 0.99 1.86 -0.99

Imidazoles 

R
2 R

1

N

N

R
3

127 compounds

25 R
1
 = 4-SO

2
Me

R
2
 = H

R
3
 = CF

3

-1.46 0.06 1.52 -1.17

27 R
1
 = 4-SO

2
Me

R
2
 = OMe

R
3
 = CF

3

-1.41 0.04 1.42 -1.19

43 R
1
 = 4-SO

2
Me

R
2
 = 3-CH

2
OMe

R
3
 = CF

3

-1.48 0.66 2.14 -1.24

Cyclopentenes 

R
2 R

1

R
3

40 compounds

162 R
1
 = SO

2
NH

2

R
2
 = 3,4,5-triF

R
3
 = 4-OMe

-1.93 0.31 2.24 -1.09

165 R
1
 = SO

2
NH

2

R
2
 = 4-OMe

R
3
 = H

-1.93 0.31 2.24 -1.08

174 R
1
 = SO

2
Me

R
2
 = 4-OMe

R
3
 = H

-1.93 0.31 2.24 -0.84

Benzenes 

R
3

R
1

R
2

44 compounds

194 R
1
 = 4-SO

2
NH

2

R
2
 = 4-F

R
3
 = H

-1.93 0.77 2.7 -1.08

196 R
1
 = 4-SO

2
NH

2

R
2
 = 3-Cl

R
3
 = H

-1.93 0.38 2.3 -1.08

204 R
1
 = SO

2
Me

R
2
 = 4-OMe-3-OMe

-1.93 0.27 2.2 -1.08

Pyrazoles 

R
2 R

1

N

N

86 compounds

246 R
1
 = SO

2
NH

2

R
2
 = 2-F

R
3
 = CF

3

R
4
 = H

-1.02 0.33 1.34 -0.72

255 R
1
 = 4-SO

2
NH

2

R
2
 = 4-NO

2

R
3
 = CF

3

R
4
 = H

-1.07 -0.1 0.97 -0.73

260 R
1
 = 4-SO

2
NH

2

R
2
 = 4-NH

2

R
3
 = CF

3

R
4
 = H

-1.07 0.23 1.3 -0.71

Isoxazoles 

R
2 R

1

O
N

2 compounds

320 R
1
 = 4-SO

2
NH

2

R
2
 = CH

2
OH

-1.83 0.49 2.31 -0.88

321 R
1
 = 4-SO

2
NH

2

R
2
 = Me

-1.93 0.49 2.31 -0.88
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Table 2. COX-2 inhibition modeling: Experimentally derived values for metabolite affinity (K
m

), rate of metabolite reaction (V
max

), clearance 
interval (CL

int
), and substrate inhibition (K

i
). (Continued)

A selection of the experimental derivatives was used to discern trends in metabolism, with particular attention given to metabolite affinity and rate 
of reaction. While K

m
 values are within a narrow range for the different parent groups, the reaction rates (V

max
) are wide ranging and influence the 

intrinsic substrate clearance. The substrate models are from reference [16]. 1Compound number is according to those used in reference [15].
CL

int
clearance interval, CYP cytochrome P450

Parent group Parent structure Compound

number1

Substituents CYP2C9

(K
m

)

CYP2C9

(V
max

)

CYP2C9

(CL
int

)

CYP2C9

(K
i
)

Spiroheptenes 

R
2 R

1

30 compounds

339 R
1
 = 4-SO

2
Me

R
2
 = 4-OCF

3

-1.93 -0.04 1.88 -0.81

341 R
1
 = 4-SO

2
Me

R
2
 = 4-OMe

-1.93 0.29 2.21 -0.84

348 R
1
 = 4- SO

2
NH

2

R
2
 = 4-OMe

-1.93 0.29 2.21 -0.84

Spiroheptadines 

R
2 R

1

2 compounds

353 R
1
 = 4- SO

2
Me

R
2
 = 3-Cl-4-OMe

-1.93 0.77 2.7 -1.08

Thiophene

R
2 R

1

S

R
3

1 compound

354 R
1
 = 4-SO

2
Me

R
2
 = Br

-1.9 0.77 2.67 -1.14

CYP2C9
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Conclusion

enzyme that relates to differences in metabolic activity 
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