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Abstract

Purpose The cytochrome P450 enzyme CYP2C9 metabo-

lizes several important drugs, such as warfarin and oral

antidiabetic drugs. The enzyme is polymorphic, and all

known alleles, for example, CYP2C9*2 and*3, give

decreased activity. Ultra-high activity of the enzyme has

not yet been reported.

Methods We present a patient with Behçet’s disease who

required treatment with high doses of phenytoin. When

fluconazole, a potent inhibitor of CYP2C9, was added to

the treatment regimen, the patient developed ataxia, tremor,

fatigue, slurred speech and somnolence, indicating phenyt-

oin intoxication. On suspicion of ultra-high activity of

CYP2C9, a phenotyping test for CYP2C9 with losartan was

performed.

Results The patient was shown to have a higher activity of

CYP2C9 than any of the 190 healthy Swedish Caucasians

used as controls.

Conclusions Our finding of an ultrarapid metabolism of

losartan and phenytoin may apply to other CYP2C9

substrates, where inhibition of CYP2C9 may cause severe

adverse drug reactions.

Keywords Behçet’s disease . Losartan .

Ultrarapid metabolizer

Background

The ultrarapid metabolism (UM) of antidepressant drugs,

such as amitriptyline and nortriptyline, has long been

recognized and documented as a therapeutic problem. A

patient with this condition had to be treated with high doses

to reach therapeutic concentrations [1]. This condition has

been shown to be due to a cytochrome P450 2D6

(CYP2D6) gene duplication [2, 3]. Among Swedish

Caucasian patients not responding to antidepressant treat-

ment, the frequency of CYP2D6 gene duplication was

found to be tenfold higher than that in healthy subjects,

indicating that UM plays an important role in patients who

fail to respond to treatment [4]. CYP2D6 gene duplication

is therefore a significant factor that must be taken into

account when prescribing treatment with many of the drugs

metabolized by the CYP2D6 enzyme [5].

Two single nucleotide polymorphisms (SNPs) constitut-

ing the CYP2C19*17 allele cause an increased activity of

the CYP2C19 enzyme [6]. The increase in the rate of

metabolism of drugs, such as citalopram and omeprazole,

is, however, relatively small and usually without clinical

relevance [7].

A third enzyme, CYP2C9, is also polymorphic, and the

two alleles, CYP2C9*2 and especially *3, encode enzymes

with decreased enzyme activity [8]. CYP2C9 metabolizes a

number of important drugs, such as phenytoin, warfarin,

losartan, oral antidiabetics and non-steroidal anti-
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inflammatory drugs (NSAIDs) [9]. Here, we present a

patient who, despite receiving high doses of phenytoin,

seldom attained the recommended therapeutic concentra-

tions of 40–80 µmol/L [10]. When she received the

CYP2C9 inhibitor fluconazole, she became intoxicated

with high plasma/serum (P/S) concentrations of phenytoin.

We therefore tested the hypothesis that the patient had ultra-

high CYP2C9 activity.

Case report

A 59- year-old Swedish woman of Caucasian origin, with a

weight of 50 kg, was referred to the Department of

Rheumatology at the Karolinska University Hospital,

Stockholm, in the mid-1980s due to polyarthritis and

recurrent uveitis. She was initially treated with NSAIDs

and corticosteroids. In the mid-1990s, the symptoms

aggravated with progressive systemic inflammation, skin

vasculitis, recurrent oral ulcerations, and intestinal inflam-

mation (ileitis). Histological examination of the skin and

intestine revealed pathological changes in accordance with

Behçet’s disease (BD), and in 1998, the definitive diagnosis

was made. The same year she developed recurrent epileptic

seizures, and treatment with phenytoin was initiated. She

also presented symptoms from several cranial nerves,

which were interpreted as peripheral nervous system

manifestations of BD. During her long periods of severe

and—to a large extent—therapy-resistant disease, she has

undergone treatment with virtually all available immuno-

modulation therapies, including cyclosporine A, sulfasala-

zine, azathioprine, methotrexate, cyclophosfamide and

tumor necrosis factor (TNF)-blockers (infliximab, etaner-

cept). Due to her epileptic seizures she has also been under

constant treatment with phenytoin. Despite receiving

phenytoin doses that are two- to threefold higher than

those recommended in the Swedish physicians desk

reference (4–5 mg/kg), she seldom reached therapeutic

concentrations, and her compliance with treatment was

questioned. The phenytoin concentrations were usually

between 10 and 20 µmol/L and often below the level of

quantification (10 µmol/L).

In 2000, the patient was referred to the emergency unit

due to confusion and vertigo. She was at that time being

treated with phenytoin 700 mg daily and fluconazole 50 mg

a day, the latter having been introduced 2–3 days earlier

due to oral candidiasis. Her central nervous system (CNS)

symptoms developed soon after the initiation of the

fluconazole therapy. The phenytoin concentration reached

a toxic level, 138 µmol/L, and the neurological symptoms

were considered to be an adverse drug reaction (ADR) due

to an interaction between fluconazole and phenytoin.

Laboratory results showed anaemia, hypoalbuminemia,

increased sedimentation rate and C-reactive protein (CRP),

hypocalcaemia and slightly increased levels of alkaline

phosphatase (ALP) and gamma-glutamyl transferase (GT),

but normal aspartate transaminase (AST) and alanine

transaminase (ALT) levels. The patient quickly recovered

from all symptoms after fluconazole withdrawal (Fig. 1a).

In 2008, she was admitted to the Rheumatology unit with

frequent diarrhoea, systemic inflammation, cough and

fatigue. On this occasion she was treated with azathioprine,

prednisolone and phenytoin (600 mg daily) together with

several other drugs (alfacalcidol, ampicillin, amoxicillin,

calcium carbonate, clonidine, citalopram, furosemide,

clonazepam, zopiclone, potassium, loperamide, methadone,

gabapentin, pantoprazole, metoclopramide and propioma-

zine). Chest X-ray at admittance showed bilateral interstitial

infiltrates, and she underwent a bronchoscopy where

laboratory testing of broncho-alveolar lavage fluid revealed

candidiasis. Therapy with fluconazole 400 mg a day was

initiated. The incident from 2000 was not documented as an

ADR in the computerized patient chart and was not known to

the prescribers in 2008. After 2–3 days on fluconazole

therapy, the patient developed ataxia, difficulties in walking,

speaking and understanding what was said to her, increased

tiredness and, ultimately, impaired consciousness. Labora-

tory results showed slightly increased CRP, anaemia, slightly

increased ALP and gamma-GT levels, but normal AST and

ALT levels. Several alternative diagnoses were discussed,

such as endogenous depression, drug reaction to anti-anxiety

agents and cerebral vasculitis. However, her husband

reminded her that the symptoms resembled those of the

phenytoin intoxication in 2000. The phenytoin P/S concen-

tration, 14 days after start of fluconazole, once again was at

an exceptionally high level, 240 µmol/L. Her cerebrospinal

fluid (CSF) phenytoin concentration was 26.4 µmol/L,

which reflects a normal plasma protein binding of about

90%. Following interruption of treatment with both fluco-

nazole and phenytoin, she experienced a rapid decline in

clinical symptoms of intoxication as well as P/S concen-

trations of phenytoin (Fig. 1b). A phenotyping test for

CYP2C9 by losartan was performed [11, 12].

Methods

Phenytoin concentrations in the P/S and CSF reported here

were determined by routine methods in the department of

Clinical Pharmacology, Karolinska University Hospital,

Stockholm, Sweden. The high-performance liquid chroma-

tography (HPLC) analysis of phenytoin was performed

after plasma protein precipitation by acetonitrile (67%) on

an Agilent 1100 system (Agilent Technologies, Santa Clara,

CA) equipped with a diode array detector monitoring using

five wavelengths with 210 nm as the quantifying wave-
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length. The analytical column was an Ace 3 C18 (3 µm,

50×3.0 mm; Advanced Chromatography Technologies,

Aberdeen, Scotland). The mobile phase consisted of

10 mM natrium phosphate buffer, methanol and acetonitrile

in the ratio of 60:30:10 (v/v), with buffer pH adjusted to 6.8

using 1 M potassium hydroxide solution. Chromatography

was performed at 50°C at a flow rate of 0.3 mL/min. The

method was linear between 10 and 400 µmol/L. The total

precision (CV) of the method determined at 40 and

80 µmol/L was 3.0 and 2.5%. The accuracy estimated by

participation in an international proficiency test programme

was close to 97%.

The losartan test was performed after an overnight fast

and after voiding the night urine. Losartan (Cozaar;

Merck Sharp Dohme, Whitehouse Station, NJ) 25 mg

was administered as a single oral dose in the morning,

and urine was collected at 8 h thereafter. The urine

sample was stored at −20 C until the HPLC analysis of

losartan was performed. The metabolic ratio (MR) of

losartan was determined by dividing the molar concen-

trations of losartan by that of its metabolite E-3174 [11].

The test was performed 6 months after the last phenytoin

intoxication episode, and the patient had been off

phenytoin treatment since that time. The CYP2C9*2 and

*3 and CYP2C19*2 alleles were analyzed by TaqMan

discrimination analysis (Applied Biosystems, Foster City,

CA). The specificity was confirmed against that of Yasar

et al. [12] and de Morais et al. [13]. Potential and relevant

drug interactions were investigated by using the drug

interaction database SFINX [14]. Finally, we searched a

web-based database to determine whether any of the other

drugs the patient was prescribed were CYP2C9 substrates,

inhibitors or inducers [15].

Results

The concentration of losartan and its metabolite E-3174 in

the 8 h-urine sample collected after a single oral dose of

losartan was below the level of quantification (20 nM) and

149 nM, respectively. Thus, the MR was <0.13, revealing

that the patient had a lower MR than any of the 190 healthy

Swedish Caucasians used for comparison (Fig. 2) (Ramsjö

et al. unpublished). This result confirms that this index

patient is an outlier with ultra-high activity of CYP2C9.

None of the CYP2C9*2 and *3 or CYP2C19*2 alleles were

present in this patient, and she thus had the genotypes

CYP2C9*1/*1 and CYP2C19*1/*1. Among the drugs the

patient used that could be closely related to the two

intoxication episodes, phenytoin was the only known

substrate and fluconazole the only known inhibitor of

CYP2C9. No other clinically relevant drug interactions

could be found.

Discussion

The UM of drugs may have a genetic molecular origin,

as demonstrated for substrates of CYP2D6 [1, 2, 5] and

CYP2C19 [6, 16]. The induction of drug metabolism by

drugs, such as rifampicin [17] and antiepileptic drugs [18],

has been well documented. Phenytoin is a potent inducer
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Fig. 2 The index patient had a metabolic ratio (MR) (losartan/E-

3174) of <0.13, which is less than the MR in any of the 190 healthy

Swedish Caucasians subjects used for comparison. The patient is thus

an ultra-high metabolizer (UM) of the CYP2C9 substrate losartan

Fig. 1 a, b Schematic docu-

mentation of the two

phenytoin–fluconazole

interaction episodes. In March

2000, the patient showed central

nervous system (CNS)

symptoms a few days after the

initiation of fluconazole treat-

ment, despite phenytoin con-

centrations within therapeutic

range (40–80 µmol/L, shaded

area). The CNS symptoms

were probably caused by the

rapid increase in phenytoin

concentrations
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of CYP3A4, and since it induces its own metabolism it is

probably also an inducer of CYP2C9, which recently has

been shown in in vitro studies of human hepatocytes [19].

A strong autoinduction of phenytoin metabolism may be

the reason for the UM in this index patient. However, the

UM of the CYP2C9 probe drug losartan during a

phenytoin-free period shows clearly that our patient has

an inherent ultra-high activity of CYP2C9 not due to

phenytoin autoinduction. We were able to exclude clini-

cally relevant interactions, such as those if other drugs the

patient used were a substrate, inhibitor or inducer of

CYP2C9. Problems with the phenytoin assay due to

interferences with co-medication could also be excluded

using a diode array detector with five different wave-

lengths. Moreover, the samples were also analysed later on

by a CEDIA immunoassay (Phenytoin II assay; Thermo

Scientific, Waltham, MA) on an Olympus 400 with similar

results.

There is a possibility that BD, a systemic vasculitis of

unclear aetiology [20], may be related to the ultra-high

activity of CYP2C9. Although we consider this possibility

to be unlikely, it needs to be further studied. BD is an

inflammatory disease, and inflammation may cause the

downregulation—not induction—of drug metabolism [21].

Although found worldwide, BD is most prevalent along the

ancient Silk Road, and the highest prevalence is found in

Turkey. It is a disorder characterized by recurrent oral and

genital ulcerations, skin lesions (papulopostural lesions and

erythema nodosum) and chronic relapsing uveitis. In

addition, BD may present with several different organ

manifestations, including vascular, gastrointestinal and

neurological manifestations. There is no specific diagnostic

test for the disease [20].

A review of our patient’s P/S phenytoin concentrations

over the years revealed that the levels were below

therapeutic range on several occasions. Poor compliance

had been an issue, even though the patient denied this. In

addition, NSAIDs had no effect. An uptake defect due to

inflammation in the intestines was a differential diagnosis.

Indeed, Chaleby et al. [22] reported a patient with BD

showing a lack of response when treated with amitriptyline,

diazepam, carbamazepine, phenytoin and acetaminophen.

They performed a pharmacokinetic study and found

subtherapeutic concentrations of amitriptyline and nonmea-

surable concentrations of the other four drugs, which had

been given at standard doses. Based on these results, the

authors suggested that decreased drug absorption due to

inflammatory changes associated with BD may have caused

the subtherapeutic concentrations. The impact of the CYP

enzymes was not studied, but the lack of measurable

concentrations of phenytoin was similar to that in our

patient. The result of the losartan test in our patient, namely,

low urinary excretion of the parent drug and high

concentrations of the metabolite, shows that the patient

does not have a poor absorption of phenytoin—but that she

has a high CYP2C9 activity.

In a study from Turkey, Tursen et al. [23] investigated

CYP2C9*2 and *3 in 62 patients with BD as compared to

107 healthy controls and found no difference in the

frequency of these alleles. No phenotype of CYP2C9, as

our test with losartan, was performed and, therefore, the

CYP2C9 activity in these 62 patients is unknown.

The investigation of the patient´s chart also showed that

she had suffered from suspected phenytoin intoxications on

at least three other occasions, once when the patient was co-

treated with nifedipine, once with metronidazole and once

with fluoxetine, all known inhibitors of CYP2C9 [24–26].

The highest phenytoin P/S concentrations measured on

these occasions was 96 µmol/L. However, the intoxication

symptoms during these three episodes were not as severe as

during the two episodes with fluconazole co-treatment as

described above.

Conclusion

We present the first case of a patient with ultra-high activity

of the cytochrome P 450 enzyme CYP2C9, similar to the

well-studied ultra-high activity of CYP2D6 present in 1–

10% of Caucasian populations. Our finding may have

important clinical implications and explain some of the

variability in the metabolic capacity reported for CYP2C9

substrates. In clinical practice, patients with ultra-high

activity of CYP2C9 may need high doses of CYP2C9

substrates to reach therapeutic effect. Warfarin-treated

patients may need high doses of warfarin to reach

therapeutic international normalized ratio levels, and dia-

betic patients treated with oral antidiabetics may exhibit

therapeutic failure when treated with ordinary doses of such

drugs. Patients with UM of CYP2C9 may also metabolize

the parent drugs to potentially hazardous active metabolites.

The other important finding is that this case also clearly

demonstrates the risk of severe intoxications in patients

with UM when treated with a strong cytochrome P450

inhibitor, such as fluconazole. Warfarin-treated patients

may be at risk for fatal bleedings when co-treated with

inhibitors of this enzyme, and diabetic patients treated with

oral antidiabetics may be at risk for severe hypoglycaemia.

The molecular basis of our finding is now under investiga-

tion.

Acknowledgments This work was supported by grants from the

Swedish Research Council, Medicine (3902) and from Karolinska

Institutet.

Conflict of interest statement The authors declare that they have no

conflict of interest.

794 Eur J Clin Pharmacol (2010) 66:791–795



References

1. Bertilsson L, Aberg-Wistedt A, Gustafsson LL, Nordin C (1985)

Extremely rapid hydroxylation of debrisoquine: a case report with

implication for treatment with nortriptyline and other tricyclic

antidepressants. Ther Drug Monit 7:478–480

2. Bertilsson L, Dahl ML, Sjöqvist F, Aberg-Wistedt A, Humble M,

Johansson I, Lundqvist E, Ingelman-Sundberg M (1993) Molec-

ular basis for rational megaprescribing in ultrarapid hydroxylators

of debrisoquine. Lancet 341:63

3. Johansson I, Lundqvist E, Bertilsson L, Dahl ML, Sjöqvist F,

Ingelman-Sundberg M (1993) Inherited amplification of an active

gene in the cytochrome P450 CYP2D locus as a cause of

ultrarapid metabolism of debrisoquine. Proc Natl Acad Sci USA

90:11825–11829

4. Kawanishi C, Lundgren S, Agren H, Bertilsson L (2004)

Increased incidence of CYP2D6 gene duplication in patients with

persistent mood disorders: ultrarapid metabolism of antidepres-

sants as a cause of nonresponse. A pilot study. Eur J Clin

Pharmacol 59:803–807

5. Bertilsson L, Dahl ML, Dalén P, Al-Shurbaji A (2002) Molecular

genetics of CYP2D6: clinical relevance with focus on psychotro-

pic drugs. Br J Clin Pharmacol 53:111–122

6. Sim SC, Risinger C, Dahl ML, Aklillu E, Christensen M,

Bertilsson L, Ingelman-Sundberg M (2006) A common novel

CYP2C19 gene variant causes ultrarapid drug metabolism

relevant for the drug response to proton pump inhibitors and

antidepressants. Clin Pharmacol Ther 79:103–113

7. Ohlsson Rosenborg S, Mwinyi J, Andersson M, Baldwin R,

Pedersen R, Sim S, Bertilsson L, Ingelman-Sundberg M, Eliasson

E (2008) Kinetics of omeprazole and escitalopram in relation to

the CYP2C19*17 allele in healthy subjects. Eur J Clin Pharmacol

64:1175–1179

8. Aithal GP, Day CP, Kesteven PJ, Daly AK (1999) Association of

polymorphisms in the cytochrome P450 CYP2C9 with warfarin

dose requirement and risk of bleeding complications. Lancet

353:717–719

9. Kirchheiner J, Brockmöller J (2005) Clinical consequences of

cytochrome P450 2C9 polymorphisms. Clin Pharmacol Ther

77:1–16

10. Patsalos PN, Berry DJ, Bourgeois BF, Cloyd JC, Glauser TA,

Johannessen SI, Leppik IE, Tomson T, Perucca E (2008)

Antiepileptic drugs—best practice guidelines for therapeutic drug

monitoring: a position paper by the subcommission on therapeutic

drug monitoring, ILAE Commission on Therapeutic Strategies.

Epilepsia 49:1239–1276

11. Christensen M, Andersson K, Dalén P, Mirghani RA, Muirhead

GJ, Nordmark A, Tybring G, Wahlberg A, Yasar U, Bertilsson L

(2003) The Karolinska cocktail for phenotyping of five human

cytochrome P450 enzymes. Clin Pharmacol Ther 73:517–528

12. Yasar U, Dahl ML, Christensen M, Eliasson E (2002) Intra-

individual variability in urinary losartan oxidation ratio, an in vivo

marker of CYP2C9 activity. Br J Clin Pharmacol 54:183–185

13. de Morais SM, Goldstein JA, Xie HG, Huang SL, Lu YQ, Xia H,

Xiao ZS, Ile N, Zhou HH (1995) Genetic analysis of the S-

mephenytoin polymorphism in a Chinese population. Clin

Pharmacol Ther 58:404–411

14. Böttiger Y, Laine K, Andersson ML, Korhonen T, Molin B,

Ovesjö ML, Tirkkonen T, Rane A, Gustafsson LL, Eiermann B

(2009) SFINX-a drug-drug interaction database designed for

clinical decision support systems. Eur J Clin Pharmacol 65:627–

633

15. Flockhart D (2007) Drug Interactions: Cytochrome P450 Drug

Interaction Table. Indiana University School of Medicine.

Available at: http://medicine.iupui.edu/clinpharm/ddis/table.asp.

Accessed 15 Feb 2010

16. Baldwin RM, Ohlsson S, Pedersen RS, Mwinyi J, Ingelman-

Sundberg M, Eliasson E, Bertilsson L (2008) Increased omepra-

zole metabolism in carriers of the CYP2C19*17 allele; a

pharmacokinetic study in healthy volunteers. Br J Clin Pharmacol

65:767–774

17. Kanebratt KP, Diczfalusy U, Bäckström T, Sparve E, Bredberg

E, Böttiger Y, Andersson TB, Bertilsson L (2008) Cytochrome

P450 induction by rifampicin in healthy subjects: determination

using the Karolinska cocktail and the endogenous CYP3A4

marker 4beta-hydroxycholesterol. Clin Pharmacol Ther

84:589–594

18. Bodin K, Bretillon L, Aden Y, Bertilsson L, Broomé U,

Einarsson C, Diczfalusy U (2001) Antiepileptic drugs increase

plasma levels of 4beta-hydroxycholesterol in humans: evidence

for involvement of cytochrome P450 3A4. J Biol Chem

276:38685–38689

19. Sahi J, Shord SS, Lindley C, Ferguson S, LeCluyse EL (2009)

Regulation of cytochrome P450 2C9 expression in primary

cultures of human hepatocytes. J Biochem Mol Toxicol 23:43–

58

20. Mendes D, Correia M, Barbedo M, Vaio T, Mota M, Gonçalves O,

Valente J (2009) Behçet's disease—a contemporary review. J

Autoimmun 32:178–188

21. Morgan ET (2009) Impact of infectious and inflammatory disease

on cytochrome P450-mediated drug metabolism and pharmacoki-

netics. Clin Pharmacol Ther 85:434–438

22. Chaleby K, el-Yazigi A, Atiyeh M (1987) Decreased drug

absorption in a patient with Behçet’s syndrome. Clin Chem

33:1679–1681

23. Tursen U, Tamer L, Api H, Yildirim H, Baz K, Ikizoglu G, Atik U

(2007) Cytochrome P450 polymorphisms in patients with Behçet's

disease. Int J Dermatol 46:153–156

24. Ahmad S (1984) Nifedipine–phenytoin interaction. J Am Coll

Cardiol 3:1582

25. Blyden GT, Scavone JM, Greenblatt DJ (1988) Metronidazole

impairs clearance of phenytoin but not of alprazolam or

lorazepam. J Clin Pharmacol 28:240–245

26. Shad MU, Preskorn SH (1999) Drug-drug interaction in

reverse: possible loss of phenytoin efficacy as a result of

fluoxetine discontinuation. J Clin Psychopharmacol 19:471–

472

Eur J Clin Pharmacol (2010) 66:791–795 795

http://medicine.iupui.edu/clinpharm/ddis/table.asp



