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¿ Somos los seres humanos idénticos ?¿ Somos los seres humanos idénticos ?
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VARIABILITY IN DRUG RESPONSE

Pharmacodynamics
RIFF - Adrián LLerena

CYPs

Pharmacokinetics

5HTT, 5HT2
D2



Drug Oxidation - Major Route of Drug Metabolism
Family of enzymes (CYPs) in liver

P4502D6

Other

P4501A2

P4502A6P4502B6
P4503A4

P4502C8

P4502C9

P4502C19 P4502E1P4502D6 P4501A2

P4502A6

P4503A

P4502C9/10

P4502C19

P4502E1

Proportion of Pharmaceuticals Metabolized by 
Individual Cytochrome P450’s

Major P450 Content of Human Liver

Shimada et al., 1994
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EVOLUCIÓN DE LOS CITOCROMOS P450EVOLUCIÓN DE LOS CITOCROMOS P450

Pedro Dorado 2005
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Factores implicados en la variabilidad en la respuesta farmacológica

DIFERENCIAS INDIVIDUALES EN LA RESPUESTA A FÁRMACOS

FACTORES 
AMBIENTALES

tabaco, alcohol, etc.

XENOBIÓTICOS
fármacos

FACTORES
PATOLÓGICOS

enfermedad

FACTORES 
GENÉTICOS

FACTORES
FISIOLÓGICOS

edad

FACTORES
ENDÓGENOS



Occupational
Exposure

Smoking

Infection

Genetic
Constitution

CYPsCYPs
Drug metabolismDrug metabolism

Exercise

Sex

Age

Pregnancy

Alcohol

Starvation

Renal
Function

Hepatic
Function

G.I.
Function

Cardiovascular
Function

Circadian
Rhythm

Drugs

Diet

VARIABILITY IN DRUG RESPONSE: GENE-ENVIRONMENTAL INTERACTION
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Gender/tobacco
Tobacco abstinence
Menstrual cycle
Ovariectomy
Alcohol intake

(LLerena et al, 1995))

Gene-environmental interaction: CYP2D6 Pheno/ genotype
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Debrisoquine hydroxylation phenotype (CYP2D6) in the Spanish Population (n=633)
(LLerena et al 1988)
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Eliminación de los fármacos del organismo

Personas que tardan mas

Personas que tardan menos

Efecto mas duradero

METABOLIZADORES LENTOS

Efecto menos duradero
METABOLIZADORES RAPIDOS
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Gene-environmental interaction: CYP2D6 Pheno/ genotype
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(Dorado et al, 2005)

(LLerena et al, 1993)Ultrarrapids: DBQ Phenotypes

CYP2D6 Genotypes
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Ultrarapids (>3)Extensives (1-2)Poor (0)

5-7% 7 %?
RIFF - Adrián LLerena
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Variabilidad interétnica

- Metabolizadores Lentos:

-Aumento de las concentraciones plasmáticas del fármaco: > Efectos adversos
-Disminución del metabolito (si es activo):                      < Eficacia terapeutica

-Metabolizadores Ultrarápidos

-Disminución del fármaco y metabolito: disminución de los efectos terapéuticos

-INTERACCIONES FARMACOLÓGICAS

Mas frecuentes dependiendo de la afinidad del fármaco por la enzima,
de su capacidad inhibitoria
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IMPLICACIONES CLINICAS
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Interethnical variability: CYP2D6 gene multiplication (Ultrarapids?)

Interethnic distribution of individuals with CYP2D6 gene duplicated 
RIFF - Adrián LLerena



Interethnical variability: CYP2D6 gene multiplication
(Reviewed by Dorado et al, 2006)

4.9%

?

Adrián LLerena & Pedro Dorado 2001

?

?

?

? ?
?
?

?

?

?

?

?
?

?
?

Encontramos una alta frecuencia de multiplicación de alelos CYP2D6, sin 
embargo el porcentaje de individuos Ultrarápidos fenotípicamente en 
la población española es inferior al 7‐10% publicado previamente. 
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CYP2C9 genetic polymorphism: Interethnical variability

*Idilio González, Med Clin 2007

Fenotipo metabólico oxidativo de debrisoquina
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4. Relationship between CYP2D6 activity and personality in a Spanish 
population (LLerena et al., 1993):

CYP2D6 AND PERSONALITYCYP2D6 AND PERSONALITY

HIPOTHESIS METHDOS

RIFF - Adrián LLerena



RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA 
(CYTED.206RT0290) (Coordinador: Dr. Adrián LLerena) www.ribef.org

Poor Poor metabolizersmetabolizers were more were more 
anxietyanxiety--proneprone

and less successfully socialized than and less successfully socialized than 
extensive extensive metabolizersmetabolizers of of 

debrisoquinedebrisoquine



UM (>2) wt/wtxN 5 (5%) 7 (4,9%)
EM (2) wt/wt; wtxN/*4; 

wt/*10; wtxN/*10 69 (68,3%) 76 (53,5%)

IM (1) wt/*4; wt/*4xN; 
wt/*6;wt/*5; *5/*10 24 (23,7%) 47 (33%)

PM (0) *4/*4; *4/*6; *5/*6; 
*6/*6 3 (3%) 12 (8,5%)

Healthy Volunteers 
(n=142)

CYP2D6 Genotype 
(no. active genes)

CYP2D6 genotypes Schizophrenic 
patients (n=101)

Psychiatric Patients: CYP2D6 PMs & Schizophrenia

RIFF - Adrián LLerena

(LLerena A et al., The Pharmacogenomics Journal 2007).
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CYP2D EXPRESSION IN THE HUMAN BRAIN

(Miksys and Tyndale, 2004)



CYP2C9*3 as a risk factor for major depression. (LLerena A et al., The Pharmacogenomics Journal 2004).

Psychiatric Patients: CYP2C9*3 & Depression

The CYP2C9*3 allele frequency was higher (p<0.01) among the depressive patients
than in the population of schizophrenic patients (odds ratio=3.3) and healthy volunteers (odds ratio=2.8). 
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Endogenous  Environmental factors  

(LLerena et al., 2005)

Dose Plasma 
concentration

Transporters, ReceptorsMetabolism: CPYs

Effects:

Genetic polymorphism   

CYP2D6 Phenotyping in psychiatric patients: Clinical Implications

I II

RIFF - Adrián LLerena
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De la Rubia1998,Tesis Doctoral
Berecz 2001, Tesis Doctoral
Dorado et al 2006.

MR-Ultrarrápidos

MR-Ultrarápidos

M.Rápidos

M.Rápidos

M.Lentos

M.Lentos

Debrisoquine and mephenytoin hydroxylation phenotypes in healt. volunt.and patients treated with neuroleptic drugs



CYP2D6 pheno & genotypes in psychiatric patients

PATIENT STUDIES DURING STEADY STEATE

CLINICAL IMPLICATIONS

During treatment with:

Clozapine

Risperidone

Haloperidol

Thioridacine
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Risperidone

Haloperidol

Thioridazine

CYP2D6 phenotyping during treatment with antipsychotic drugs

De la Rubia, 1998
Berecz, 2001
Dorado, 2003

Dorado et al, 2006



Risperidone

Haloperidol

Thioridazine

CYP2D6 phenotyping during treatment with antipsychotic drugs

De la Rubia, 1998
Berecz, 2001
Dorado, 2003

Dorado et al, 2006



Risperidone

Haloperidol

Thioridazine

CYP2D6 phenotyping during treatment with antipsychotic drugs

De la Rubia, 1998
Berecz, 2001
Dorado, 2003

Dorado et al, 2006



Fluoxetine/norfluoxetine ratio among 64 patients with different number of CYP2D6 active gene (LLerena et al., 2003)

Dose Plasma 
concentration

Efficacy
Side effects: QTc

Receptor and transporter
polymorphisms

CPYs

RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA 
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CYP2D6 number of functional genes and dose-corrected (C/D) plasma levels (log10) of risperidone (n=34) and QTc. The 
median in each group is indicated with a solid line.

CYP2D6 Psychiatric patients: Clinical Implications

Plasma
concentration

Phenotype:    DBQ
QTc

Genotype: CYP2D6
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Histograms of debrisoquine/4-OH debrisoquine metabolic ratio (log10) in psychiatric 76 
patients treated at therapeutic doses of thioridazine (clear; Berecz et al., 2003) and Spanish 
healthy population of 925 volunteers (grey; LLerena et al., 1993).
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(zero, one, two and more than two). The median in each group is indicated with a solid line.

CYP2D6 Psychiatric patients: Clinical Implications

Dose
Plasma

concentration QTc
Genotype: CYP2D6

Thioridazine

Phenotype: DBQ
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Pacientes en tratamiento con tioridacina
Cosumo de tabaco y nivel plasmático /dosis (mg/kg/día)

p <0,001

fumadores (n=47) no fumadores (n=18)
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Effects on drug response ?

Thioridazine

Thioridazine
5-sulfóxide

Mesoridazine

Sulforidazine

CYP2D6
Others ?

Pharmacogenetics of thioridazine in psychiatric patients

Cardiotóxico
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Beta Blockers:
carvedilol
S-metoprolol
propafenone
timolol

Antidepressants:
amitriptyline
clomipramine
desipramine
imipramine
paroxetine

Antipsychotics:
haloperidol
perphenazine
risperidone
thioridazine

Others:
amphetamine
atomoxetine
chlorpromazine
codeine
debrisoquine
dextromethorphan
fluoxetine
fluvoxamine
lidocaine
metoclopramide
nortriptyline
propranolol
sparteine
tamoxifen
venlafaxine

DRUGS & CYP2D6
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NSAIDs:
diclofenac
ibuprofen
meloxicam
S-naproxen
piroxicam
suprofen

Oral Hypoglycemic Agents:
tolbutamide
glipizide

Angiotensin II Blockers:
losartan
irbesartan

Sulfonylureas:
glyburide
glibenclamide
glipizide
glimepiride
tolbutamide

Others:
amitriptyline
celecoxib
fluoxetine
fluvastatin
nateglinide
phenytoin
rosiglitazone
tamoxifen
torsemide
S-warfarinDRUGS & CYP2C9

RED IBEROAMERICANA DE FARMACOGENETICA Y FARMACOGENOMICA 
(CYTED.206RT0290) (Coordinador: Dr. Adrián LLerena) www.ribef.org
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Fluoxetine/norfluoxetine ratio among 64 patients with different number of CYP2D6 active gene (LLerena et al., 2003)

CYP2C9 and Fluoxetine plasma concentrations



Drugs  

Antidiabetic Tolbutamide

Anticoagulants Warfarine

Antidepressants Amitryptiline
Fluoxetine

Antihypertensives Losartan
Tienilic acid

Antiepileptics Phenyton

NSAIDs Diclofenac
Ibuprofen
Flurbiprofen
Mephenamic
Piroxicam
Tenoxicam
Indometacina
Meloxicam
Acetil salicílic acid

CYP2C9 substrates

Metabolism of Psychoactive substances

Tetrahydrocannabinol

Amitryptyline



CYPs

Endobiotics XenobióticsDrugs

Psychological factors:

Vulnerability to psychopathology

Diseases:
Cancer,

Parkinson

Individidual
and 

interethnical 
Variability

RIFF - Adrián Llerena 2004
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1. Existe variabilidad individual y regional en la respuesta a 
los fármacos: 
cada paciente necesita un regimen terapéutico individual
cada región necesita unas recomendaciones terapéuticas

2. Esta variabilidad depende de la interacción dinámica del 
estado de los sistemas fisiológicos/patológicos, de la herencia 
genética y de la interacción ambiental

3. Los polimorfismos genéticos de enzimas metabolizadoras
de fármacos participan en el metabolismo endógeno y por 
tanto en la vulnerabilidad a la enfermedad

4. Existe una relación entre la vulnerabilidad a la enfermedad 
y la idiosincrasia en la respuesta a los fármacos.

CONCLUSIONES
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Clinical implications of CYP2D6 polymorphism and 
its relevance for  the world global health.

•Pharmacogenetics might contribute to narrowing the “biotechnological gap”

between the developed and undeveloped world. 

•This together with information from independent clinical studies may help to the 

individualization of drug therapy in every place of the world.  

we truly believe that newly developed drugs must be available for every 
patient according exclusively to his or her clinical needs

RIFF - Adrián LLerena
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• VARIABILIDAD EN POBLACIONES

• SALUD MENTAL
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• CANCER
• MEDICINA TROPICAL
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Implicaciones clínicas
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Área geográfica de la Red (2006-2009)
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Polimorfismo (CYP2D6) en españoles

El 4,9% son 
Metabolizadores

Lentos

El 7,2% son 
Metabolizadores

Ultrarápidos

UTILIDAD CLINICA de Estudios en Farmacogenética:

- Conocimiento de las enfermedades
- Mejora del uso del medicamentos: 

a) prevención de reacciones adversas
b) optimización de la eficacia

- Obtención de resultados válidos para mas personas del planeta
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Writing prescription is easy,
Undertanding people is hard

Franz Kafka


