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Concepto y consecuencias

CONCEPTO

Transformacion del farmaco en otra forma quimica, que recibe el

nombre de metabolito, debido a la accion de enzimas presentes

en el organismo

v" Inactivacién

v" Activacion (profarmacos)
v Potenciacion

v" Toxicidad



Metabolismo hepatico

CARA ANTERO SUPERIOR DEL HIGADO
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Metabolismo hepatico
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Metabolismo hepatico

6
Reacciones en fase |

o Oxidacidon microsomial: o Reduccion:
Oxidacion alifatica - Azorreduccioén
Hidroxilacion aromatica - Nitrorreduccion
N-, S-, O-desalquilacion - Alcohol deshidrogenasa
Desaminacion oxidativa
N-oxidacion y N-hidroxilacion o Hidrélisis:
Formacion de sulféxidos - Hidrdlisis de ésteres y amidas
Epoxidacion - Hidrdlisis de enlaces
Desulfuracion peptidicos

Hidratacion de epoxidos

o Oxidacion no microsomial:
Desaminacion oxidativa

Oxidacion de alcoholes y
aldehidos

Oxidacion de purinas




Metabolismo hepatico
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Reacciones en Fase ||

Glucuronoconjugacion

Metilacion

Acetilacion

Conjugacion con sulfato
Conjugacion con péptidos
Conjugacion con glicina (hipuratos)
Conjugacion con glutation

O o o o o o o




Metabolismo hepatico
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Sistema de monooxigenasa P-450

Varios sustratos que compiten

por los mismos puntos de unidn
NADPH

citosol P-450 NADP
(I\::e'-O Flavoproteing
M re ettt

§ SUSEL LS

NADPH + H* + O, +SH — NADP* + H,0 + S-OH



Metabolismo hepatico

.o J
Sistema de monooxigenasa P-450

Proporcion de farmacos metabolizados
por las principales enzimas del
citocromo P-450

CYP1A2 CYPZ2E1l

CYP2C

CYP3A

CYP2D6



Metabolismo hepatico
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Isoenzima Sustrato tipo Inhibidores Regulaciéon “in vivo”

CYP1A2 cafeina (N-demetilacién) Quinolonas Inducida por:
teofilina, estradiol, lidocaina, | Furafilina tabaco
paracetamol omeprazol

CYP2C9 tolbutamida Sulfafenazol Inducida por:
fenitoina, diacepam rifampicina
warfarina, fenobarbital anticonvulsivantes

defectos genéticos raros

S-Mefenitoina Tranilcipromina Polimorfismo genético
Omeprazol
Diazepan

CYP2D6 propranolol, flecainida Quinidina Polimorfismo genético
dextrometorfano, fluoxetina,
metropolol

CYP2E1l clorzoxazona Dietilditiocarbamato Inducida por etanol
etanol
4-nitrofenol

CYP3A4 cafeina (8-hidroxilacion) Troleandomicina (y otros Inducida por:
ciclosporina, quinidina macrolidos) dexametasona
lidocaina, nifedipina rifampicina

fenobarbital




Metabolismo hepatico

EI—
Reacciones en fase |l

Reaccion Enzima Grupos funcionales
Glucuronidacion UDP-glucuroniltransferasa |-OH -COOH
-NH, -SH
Glucosidacion glucosiltransferasa -OH  -COOH
-SH
Sulfatacion Sulfotransferasa -NH, -SO,NH,
-OH
Metilacion Metiltransferasa -OH
-NH,
Acetilacion Acetiltransferasa -NH, -OH
-SH,NH,
Conjugacion con aminoacidos -COOH
Conjugacion con glutation Glutation-S-transferasa Epdxido
Conjugacion con ac. grasos -OH
Condensacion Varios




Metabolismo hepatico
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Ejemplo metabolismo de un farmaco: sertralina
v Reacciones consecutivas

v Reacciones paralelas

Hu~CHs

I Cl

|
CYP2B6 T,
CYP2C19 ggﬁ%
CYP2C9 sertraline UGT1A6
CYP3A4 UGT2B4
CYPZDG

CYP3A4
cvpzc19 HC. /g
MAO-B
MAQO-A
CYP3A4
CYP2C19
cl CYP2E1 -
& MAO-B L
N-desmethylsertraline S cl seriraline N-carbamoyl

Skuronos Obach RS et al. Drug Metabolism
and Disposition 2005;33:262-270

sertraline ketone




Metabolismo extrahepatico

citocromo P-4502 glutation-S-transferasa®

higado 0,73 599
pulmon 0,0046 61
rAon 0,135 88
intestino delgado 0,042 103
colon 0,016 -

piel 0,12 .

glandulas adrenales 0,5 308

a: nmol/mg proteina microsomial
b: nmol conjugado formado/mg proteina citosolica



Metabolismo extrahepatico
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ketamina norketamina dehidronorketamina

Velocidad de biotransformacion de ketamina y velocidad de formacion de
norketamina y dehidronorketamina en la fraccién citosoélica de cerebro e
intestino de rata

Gascon AR y cols. Eur J Drug Metab Pharmacokin 1993;18:5220-S223



Cinética de metabolismo

Farmaco en
el lugar de
absorcion

Metabolito en
sangre

Km

_—

Metabolito en
orina

1. Cinética limitada por la formacion del metabolito: Ka>Km>Kel
2. Cinética limitada por la eliminacién del metabolito: Ka>Kel>Km
3. Cinética limitada por la absorcion del farmaco: Kel>Ka y Km>Ka

1000 1
100
10
tiempo

1000

100

10

2 1000
100
10
tiempo

Concentraciones plasmaticas de farmaco
Concentraciones plasmaticas de metabolito




Cinética de metabolismo

N
Metabolismo = capacidad limitada

VdmLz\%“:

K,+C

Veloc

C: Concentracion plasmética de farmaco
Vmax: Velocidad maxima de metabolismo
Km: Constate de Michaelis Menten:
Cocentracion a la cual la velocidad de
matabolismo es la mitad de Vmax

Vmax/2 ¥;

K Conc

Normalmente C<< Km

Vmax . Excepciones:
Veloc. = 7 C=K' C “fenitoina

m spropranolol




Factores gue afectan al

metabolismo
17

1. Factores endogenos:
o Fisiologicos:
» Especie
» Edad

> Sexo
» Factores genéticos

o Patologicos
2. Factores exdgenos:

o Dieta ~

' » Induccion enzimatica
o Factores ambientales >||‘ e o
o Otros farmacos > Inhibicidn enzimatica




Factores que afectan al metabolismo:

Influencia de la especie
B3

Tiempo de sueio  Semivida plasmatica Metabolismo
(min) (min) (unidades)
raton 12+8 19+7 16,6
rata 90+15 140+54 3,7
perro 315+105 260+20 1
hombre ~360

Variacion en el metabolismo de hexobarbital, semivida y duracion del
efecto farmacoldgico



Factores que afectan al metabolismo:

Influencia de la especie
N

Table 1. Dose, Oral BAs, and Substrate Profiles of Tested Drugs in Cynomolgus Monkeys and Humans
Dose Oral Binavailahility (%) Substrate

Drugs Humans® Monkeys Humans® Monkeys Enzymes Transporters  References
Acetaminophen 20 mghkg 7.7 mgkg 8815 16 (10-20) UGT, CYP2E1 26,27
Diclofenac 50 mg 0.5 mgke 54+2'° 29 (26-36) CYP2C9, UGT 28,29
Imipramine 200 mg 0.5 mgkg 4239 <1 CYP2D6, 2C19, 1A2, UGT 30
Propranolol 80 mg 1 mgke  26+10% <1b CYP2D6, 1A2, UGT 31,32
Propafenone 300 mg 05 mgke 19+9%! <1 CYP2D6, 3A4, UGT 33
Midazolam 10mg 05 mgkg 44+17% <1 CYP3A4 34
Alprazolam 1000 mg 05 mgke 88+16" 60 (54-66) CYP3A4 35
Verapamil 80mg 05 mgkg 2248 <1 CYP3A4 MDR1 36,37
Nifedipine 10 mg 05 mgke 50+13" <1 CYP3A4 38
Methotrexate 80 mg/m” 05 mgkg T70+27"% 8 (5-9) CYP3A4 MRP2, BCRP 39
Probenecid 500 mg 0.5 mgkg 100" 66 (54-78) MRP2 39
Furosemide 40 mg 1 mgkg 71+35% 32 (25-46)° Unknown 40
Antipyrine 10 mgkg 05 mgkg 97+8 86 (74-97)
Piroxicam 20 mg 1 mg/kg 100" 95 (81-100)
Naproxen 250 mg 1 mgkg 99'? 100 (95-100)
Atenolol 100 mg 1mgkg 58:16% 57 (56-59)°

Values of oral bicavailability in eynomolgus monkeys were expressed as the mean with the range of each data in parenthesis.

Values of oral bioavailability in humans were expressed as the mean with standard deviations.

Takahashi Y et al. Journal of Pharmaceutical Sciencies 2009;98:4343-4353



Factores que afectan al metabolismo:
Influencia de la especie

oo

OCH,
Mouse, rat

. j .

N

—S05H

—OH

Mouse, human

0= M2 o NH:
N:’ II N N h N o N:’ \ ]
N \©\ o I - N \©\ o
M3 ° M1
OCH;z 0S0,H o M2
Rat, dog \ Mouse, rat, rabbit, dog, human / Mouse, rat, rabbit, dog, human
o= 0= Nz 02 l
&
" "‘@\ o N w }\g}‘
N 0 N o
o} NJ\J - (4] \©\N S o \Q\N -
g
OH
0CH; M7 and M4 Apixaban Mi4
. OCH: & denotes C-14 0-Glue
Mouse, rat, rabbit, dog, human Mouse, rabbit

Sroa

— OH

Mouse, human

Diferencias en el metabolismo de apixaban, un nuevo anticoagulante oral,

en diferentes especies

Zhang D et al. Drug Metabolism and Disposition 2009;37:1738-1748




Factores que afectan al metabolismo:

factores genéticos (grupo étnico)
21

Vincristina CYP450 3A5 M1

.

Toxicidad neuropatica

CYP4503A5 o
. . Menor toxicidad
Afroamericanos > Caucasicos f

TABLE 1. Caucasians Have Significantly Greater Vincristine-Related Toxicity Than do African Americans /

!
Caucasians (n=92)  African Americans (n=21)  P-value

Male/female 46:46 11:10 1
Average age of diagnosis 495+£308 8.20+£4.80 0.0002

| Average neurotoxicity grade 2,72+ .54 1 <0.0001 |
Mean cumulative vincristine dose administered (mg/m~ + standard deviation) 48.52 +14.25 42.44 +11.62 0.07
Experienced vincristine-related neurotoxicity 32/92 (34.8%) 1/21 (4.8%) 0.007
Total doses reduced due to vincristine-related neurotoxicity 127/3,189 (4.0%) 1/688 (0.1%) <0.0001
Total doses omitted due to vincristine-related neurotoxicity (% of doses) 38/3.189 (1.2%) 1/688 (0.1%) 0.01

Jamie L. Renbarger y cols Pediatr Blood Cancer 2008;50:769-771



Factores que afectan al metabolismo:

polimorfismo genético
2224

Rapid Slow
) acetylator | acetylator
® 25 |
- |
2 |
> 20 i .
-E | Table 2 Peak, coverage, and exposure following a dose of
= 15 | isoniazid 15 mg/kg body weight among patients with pulmonary
o | tuberculosis'®
o) [
£ 10 | Isoniazid Peak Coverage Exposure
a-. | inactivation concentration (h) (pg/mL - h)
S 5 : rate (ng/mL)
Q |
g_ Slow 138 30 85
@ 0 : —— : : | : > Rapid 10.8 14 36
L 0 1 2 | 3 4 5 6 7 8 9
INH plasma concentration (mg/L)
(6 h after application)
Figure 2 Bimodal variation in isoniazid exposure.”
Note: Plasma isoniazid concentrations were determined in subjects at six hours
after isoniazid administration.
Abbreviation: INH, isoniazid.

Ramachandran G et al.. Pharmacogenomics and Personalized Medicine 2013;5:89-98



Factores que afectan al metabolismo:

polimorfismo genético
2234
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Figure 1 Mean plasma concentration of fluoxetine (a) and norfluoxetine (b) after a single oral 40 mg dose of fluoxetine in eight
extensive metabolizers (@) and six poor metabolizers () with respect to CYP2C19. The error bars indicate s.d.

Liu y cols. Br J Clin Pharmacol. 2001;52(1):96-9



Factores que afectan al metabolismo:

polimorfismo genético
N

Consecuencias graves del polimorfismo genético:

o Muerte de una nifla con trastorno psiquiatrico de 9 anos debido a
intoxicacion por fluoxetina. Test genético confirmd que era
metabolizadora lenta de fluoxetina. (Sallee y cols, Adolesc
Psychopharmacol 2000; 10: 27-34)

o Una mujer con tratamiento antidepresivo que sufrio durante 10
afos efectos secundarios graves hasta que se cambio la
medicacion; se administr0 un farmaco sin polimorfismo genético.

(Lerner B y cols, J Genet Couns 2004; 13: 259-266)



Factores que afectan al metabolismo:

polimorfismo geneético
N

GeneChip




Factores que afectan al metabolismo:
polimorfismo genético

Table | CYP2Dé phenotype and genotype frequencies in 90
women with estrogen receptor positive breast cancer

CYP2D6 phenotype

CYP2D6 genotype Frequency (%)

Extensive metabolizers

Intermediate metabolizers

Ultra-rapid metabolizers

Poor metabolizers

*1/*1
*1/*%2
*1/44
*1/%35
* / *)
¥/ *4
47435

*1 / *q
*1/*41
*2/*10
*1/710
2 /%5
*2/%41
XN/
#2/*9
2735
*10/%35
*9/d]
#1410
*0/49
417
*4p4]
w4/
17,41
#4141
*1/*1XN
*1XN/*2
/44

15.6
14.5
7.8
6.7
6.7
6.7
45
33
3.3
22
22
11
11
11
11
11
11
22
22
11
11
22
11
11
11
11
11
5.6

Caracterizacion del polimorfismo de CYP2D6 con

AmpliChip CYP450 en mujeres con cancer de mama

y su influencia sobre los niveles de tamoxifeno

ng/ml 14

ng/mL .

600 -

500

400

300 A

100 -

0

.l

4-OH tamoxifen

Endoxifen

|

Tamoxifen

N-Desmethy! tamoxifen

Figure |. Plasma tamoxifen, endoxifen, 4-hydroxy (4-OH) ta-
moxifen, and N-desmethyl tamoxifen levels in women with es-
trogen receptor-positive breast cancer receiving adjuvant tamox-
ifen (20 mg/day) for 4 months. Data are expressed as means *
standard error of the mean. Panel A shows the significant differ-
ence (P <0.001) in 4-OH tamoxifen and endoxifen between ex-
tensive and poor CYP2Dé metabolizers (black bars = extensive
metabolizers, white bars= intermediate metabolizers, grey bars =
poor metabolizers). Panel B depicts tamoxifen and N-desmethyl
tamoxifen levels in extensive, intermediate, and poor CYP2Dé
metabolizers (non-significant difference) (black bars = extensive
metabolizers, white bars= intermediate metabolizers, grey bars =
poor metabolizers).

Zafra-Ceres M et al. International Journal of Medical Sciences 2013:10:932-937




Factores que afectan al metabolismo:

edad
I

Edad Duracion del sueio Observaciones
Menos de 5 dias - todos los animales mueren
7-10 dias 60-90 min aproximadamente DL50
12-16 dias 30-45 min algunos no mueren
21-28 dias 10-20 min ninguno muere

Duracion del efecto del hexobarbital (175 mg/Kg, ip) en el conejo segun la edad



Factores que afectan al metabolismo:

edad
“28

CYP1A2
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Fig. 1. Developmental patterns of human hepatic CYP enzymes. Expression (black bars) and activity (grey bars) are as the percentage
values compared with adults. CYP3AT activity 1s expressed in terms of dehydroepiandrosterone 162-hydroxylase activity. For other
CYPs, activity was measured using (CYPLA2), (CYP2C9), (CYP2D6), (CYP2EL), (CYP3A4).

Johnson TN. Toxicology 2003;192:37-48




Factores que afectan al metabolismo:
edad

14
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Age (months)

Fig. 3. Age related changes in the apparent half-life of
chloramphenicol. (age range 3 days to 9 years). The dotted
line 1s the linear regression [r2 =0.11; P=0.05).

Disminucion en la semivida de cloranfenicol debidos a cambios
en la actividad del enzima glucuronil transferasa en funcion de la
edad en nifos

Johnson TN. Toxicology 2003;192:37-48



Factores que afectan al metabolismo:

Clearance (L/min)

0.100

0.010 S

0.001 -

1 | "””'1|0 | "””100
Body weight (Kg)

Open squares preterm
neonates, filled circles preterm neonates with RDS syndrome, open
circles children after elective major craniofacial surgery, open
triangles pediatric intensive care patients, open inveried triangles
pediatric oncology patients, and open diamonds male adults, with a
black line as their post-hoc population predicted values. CYP
cytochrome P450, RDS respiratory distress syndrome

Aclaramiento de midazolam debido al CYP450 en funcién de la edad

Ince | et al. Clinical Pharmacokinetics 2013:52:555-565




Factores que afectan al metabolismo:

edad
T I

Summary of in vivo studies reporting age/bodyweight related changes in drug clearance

Drug (route) n Age (y)* Bodyweight? CL or CUF (L/hikg)? References
Midazolam (IV) 9 0.003-0.34 NR 02280114 93
(median 0.1)
56 3-10 172+42 0.54+0.07 9
5 0510 <2 79£1.1 068+0.38 %5
14 210 <12 19142 06023 95
2 1210 <16 62+11.3 0.56+0.23 9%
257° 1072 71.7+05 0.42+0.13 96-106
Midazalam (oral) 15 Necnate GA 28wk  1.07 +0.23 0.16+0.14 107
56 3-10 172442 3512 9
6 0510 <2 76£19 3014 %
57 210 <12 251+11.4 2519 %5
10 1210 <16 5574107 15:07 9%
212¢ 18-486 73215 13:08 103-106,108,109
Caffeine (oral) 4 0.083-0.33 4+0.98 0.034+0.018 110
8 05-18 685+18 0.102+0.04 110
5 7-9 20.6+5.1 026+0.114 111
65° 2268 71.3+186 0,002 +0.029 105,110,112-116
Diclofenac (IV) 10 a7 107 +1.1 0.468 +0.09 17
11¢ 5-15 46.3+227 0452+0.124 118
270 20-38 71.7+8.1 0.23+0.085 119,120
Omeprazole (oral) 12= 1-10 20+9.5 1.23+1.35 121
130 11-16 49:16.7 020+03 121
a7 216 34116 176+1.98 122
18¢ 24-34 754+5.1 042+025 92,123
Gisapride (oral) 17 28 36wk PCA 1.74+0.49 0.45+0.26 122
52 37wk PCA 245427 0.54+0.28 124
13 >36-42wk PCA  2.06+00 0.75+0.46 122
5 >42-54wk PCA  4.52+1.41 0.84+07 122
58 2143 703+7.8 038+0.24 124-126
Carbamazepine (oral) 2 0.5-1 ar2 0.117 £0.063 127
48 1-4 15245 0,089 +0.047 127
56 >4-10 25+45 0,064 +0.028 127
56 >10-16 40+5 0,057 +0.020 127
360 2455 66.3+107 0,048 +0.013 128-130
Theophyliine (oral) 15 441+ 31wk PCA® 420+ 0.6 0.03+0.01 131
17 63.2 % 14.4wk PCA? 7.3+0.45' 0,081 +0.014 131
10 2509 125422 01004 132
23 10823 215+168 0078+0.03 133
2g¢ 278:3 752459 0,055 +0.009 134,135
Phenytain (oral) 9 Oto <1 g+2 0.196 +0.097 136 = | 3
8 o< 135232 0116005 128 Johnson TN et al. Clinical Pharmacokinetics
9 dt0<8 21247 0.132£0.055 136
14 Sto <12 3216 0.126  0.006 136 200645931_9656 1
11 1210 <16 495115 0.006 £0.082 136 o o ;




Factores que afectan al metabolismo:

edad
T

Summary of in wvo studies reporting age/bodyweight related changes in drug clearance

Drug (route) n Age (y)® Bodyweight” CL or CLF (Lhikg)® References
7 16 to <20 7011 0.063 =0.027 136
332 15-82 72+ 15! 0.038 £0.015 137
S-Warfarin (oral)® 38 1-11 19.3+ 4.6 0.0071 £ 0.0035 138
15 12-18 46+6.4 0.0049 +0.0032 138
81 3778 56.4+0.4 0.0045 + 0.002 138
90 26-75 50.2+8.7 0.0028 +0.0012 78
Gentamicin (V) 27 0-1d 3.5+0.25f 0.084 +0.03" 139
14 8-28d 4+0.7" 0.118 +0.03" 139
17 2.25 13+1f 0.138 + 0.05" 140
26 3.6:4.9 15+16.8 0.148 £0.034 141
17 5-18 36 £ 241 0.116 £0.003" 140
30 57415 65519 0.102x0.05 86
Vancomycin (IV) 7 8-28d 35 0.7 0.052x0.019 142
14 3-12mo 85 + 25 0.09 £0.01 88,143
12 1-5 15 + 16.8 0.163+0.03 88
15 5-15 36 + 16 0.134 £0.02 88,144
28 24-56 68 + 10f 0.09£0.014 87,145-148
a Values are expressed as range.
b Mean = SD.
¢ Overall mean + SD calculated as described in Methods section.
d Calculated from CL/F (F = 0.6).
e Calculated from Dose = FAUC (F = 0.65).
f Bodyweights derived from growth charts.
g Data shown for Japanese population only.
h Values expressed as mL/min/1.73m2.
AUC = area under the plasma concentration-time curve; IV = intravenous; CL = apparent total body clearance of the drug from plasma; CL/
F = oral clearance; F = bioavailability; GA = gestational age; PCA = post-conceptional age.

Johnson TN et al. Clinical Pharmacokinetics 2006;45:931-9656-
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1. Factores endogenos:
o Fisiologicos:
» Especie
» Edad

> Sexo
» Factores genéticos

o Patologicos
2. Factores exdgenos:

o Dieta ~

' » Induccion enzimatica
o Factores ambientales >||‘ e o
o Otros farmacos > Inhibicidn enzimatica
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Incremento en la capacidad de biotransformacion de farmacos debido
a un aumento en la cantidad/actividad de una o varias enzimas como

consecuencia de la exposicion a una sustancia inductora.

Farmacos inductores:
] Fenobarbital

] Dexametasona

[ Fenitoina

) Omeprazol Consecuencias:

[ Rifampicina U Reduccion de la eficacia (lo mas frecuente)
) Tacrolimus U Riesgo de toxicidad (profarmacos)
 Isoniazida U Desarrollo de tolerancia




Induccion enzimatica

Figure 1. Fold-induction of CYP3 A4 measured with quinine / 3-hydroxy quinine metabolic ratio
(quinine MR) after 2 weeks of rifampicin treatment (10, 20 and 100 mg daily) compared to baseline.
Statistically significant differences between the three dosing groups using Kruskal-Wallis test are

shown. The numbers at the top designate the median-fold induction in each dosing-group.
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InhibiciOn enzimatica
36§

Disminucion del metabolismo de farmacos debido al efecto de otras

sustancias, incluidos otros farmacos

Farmacos inhibidores: Tipos de inhibicion:
] Ketoconazol O Competitiva (la mas frecuente)
. Eritromicina L No competitiva

J Fluconazol

] Cimetidina
0 Verapamilo Consecuencias:
) Troleandomicina ] Toxicidad (por aumento de la concentracion del

farmaco inhibido)

1 Disminucion de la eficacia (profarmacos)
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Figure 1 Mean plasma concentrations of loratadine or
desloratadine (IDCL) vs time at day 10 steady state in healthy male
volunteers taking loratadine alone {(0) or in combination (@)
with ketoconazole. (a) Lomtadine concentrations (ng m.l_t) vs
time (h) after dosing. (b) DCL concentrations (ng ml_l) s time
(h) after dosing.

Plasma loratadine (ngm!™)

0 2 4 6 8 1012 14 16 18 20 22 24
Time (h)

=2

8.0
7.0
6ol
50}
40/
3.0
208
10[
0.0

Plasma desloratadine (ngml™')

10 12 14 16 18 20 22 24
Time (h)

0 2 4 6 8

Figure 2 Mean plisma concentrations of lomtadine or
deslormtadine (DCL) vs time at day 10 steady state in healthy male
volunteers taking loratadine alone ((O) or in combination with
cimetidine (#). (1) Loratadine concentrtions (ng ml™") i time
{h) after dosing. (b) DCL concentrations (ng ml™ ") vs time (h)
after dosing.

Kosoglou T et al. British Journal of Clinical Pharmacology 2000;50:581-589
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o Farmacos cuyos metabolitos |o Farmacos  cuyos — metabolitos
activos contribuyen mas a la activos contribuyen a la actividad
actividad que el farmaco: del farmaco de forma comparable:
o Albendazol o Claritromicina
o Codeina o Fluoxetina
o Ebastina o ltraconazol
o Flutamida o Ketamina
o Loratadine o Quinidina
o Losartan o Espironolactona
o Risperidona o Verapamilo
o Tamoxifen
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o Farmacos cuyos metabolitos | o Farmacos cuyos metabolitos se
poseen actividad, pero mucho unen a receptores distintos,
menor que el farmaco: pudiendo presentar diferente

efecto:
o Alprazolam
o Citalopram o Doxepina
o Ciclosporina o N-desmetildoxepina
o Diltiazen
o Halofantrina
o Lidocaina
o Ac. valproico
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Examples of drugs for which active metabolites are now used as drugs themselves

Original Drug Metabolite That Is UVsed as a Dhrug Mechanism/Indication Ratiomale for the Usefulness of the Metabolite as a Drug

Amitriptyline Nortriptyline Antidepressant Differential effect at neurotransmitter transport
proteins

Bromhexine Ambroxol Mucokinetic agent

and topical anesthetic

Diazepam Temazepam Anviolysis

Diazepam Oxazepam Anviolyzis

Etretinate Aritretin Antipsoriatic Improved pharmacokinetics

Hydroxyzine Cetirizine Antihistamine Lower brain penetration, less sedation

Imipramine Desipramine Antidepressant Differential effect at neurotransmitter transport
proteins

Loratadine Desloratadine Antihistamine Lower brain penetration, less sedation

Loxapine Amoxapineg Antidepressant Difforential effect at neurotransmitter transport
proteins

Primidone Phenobarbital Antiseizre

Procainamide Arecainide Antiarrythmic Molecular mechanism resulting in different
electrophysiological effect

Risperidone Paliperidone Antipsychotic Decreased impact of CYP2DE clearance, lower
intersubject variability

Spironolactone Canrenone Diuretic

Terfenadine Fexofenadine Antihistamine Safety; reduced potassium, channel activity

Thioridazine Mesoridazine Antipsychotic

Tolterodine Fesoterodine Urinary incontinence Decreased impact of CYP2DE clearance, lower
intersubject variability

Venlafaxine Desvenlafaxine Antidepressant Decreased impact of CYP2DE clearance, lower

intersubject variability

Obach R. Pharmacological Reviews 2013;65:578-640
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La trascendencia clinica de los metabolitos activos

depende de:

o Fraccion de farmaco que se metaboliza

o Actividad cualitativa y cuantitativa del metabolito en

relacion al farmaco inalterado

o Perfil farmacocinético del metabolito y del farmaco



Metabolismo enantioselectivo

5.0 ~
by 2.0 =
E
-y 1.0 ~
=
= 0.50 S
c
2
- 0.20 -~
=
= 0.10 A
o
= 0.05 ~
o
O
0.02 ~
0.01 T T T T T T 1
0 2 4 6 8 10 12 24
Time after dosing (h)
Fig 1. Mean (% standard deviation) serum concentration-time profiles of (+)- and (—)-pantoprazole
after a single oral dose of 40 mg of racemic pantoprazole in poor metabolizers (solid squares and
solid circles) and extensive metabolizers (open squares and open circles) of S-mephenytoin 4'-
hydroxylation. PM, Poor metabolizer; EM, extensive metabolizer; PAN, pantoprazole.

Tanaka M et al. Clinical Pharmacology and Therapeutics 2001;69(3):108-13.
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Métodos “in vivo”: Inconvenientes

1. Dificil evaluar la evolucién de los niveles de farmaco y metabolitos en tejidos.

2. En plasma y orina solo es posible detectar los metabolitos que sean
relativamente estables y que tiendan a acumularse en estos fluidos.

3. En compuestos con una gran toxicidad aguda, las bajas dosis administradas
pueden ser insuficientes para detectar todos los productos de
biotransformacion.

4. El elevado numero de factores que afectan a estos procesos (edad, sexo,
peso, patologias, etc.) pueden interferir a la hora de interpretar los resultados.

5. Algunos estudios de biotransformacion no pueden llevarse a cabo “in vivo” en

humanos debido a razones éticas.



Métodos de estudio del
metabolismo de farmacos

44 |
Métodos “in vitro”

o Determinar qué tejidos participan
en los procesos de
biotransformacion de un farmaco.

o Conocer los pasos implicados en
la formacion de los metabolitos.

o Descubrir los componentes de los
sistemas enzimaticos que
catalizan las diversas etapas.

o ldentificar los mecanismos que
controlan la actividad enzimatica

Enzimas
recombinantes

Fracciones
subcelulares

Cultivos
celulares

Cortes de tejidos (slices) J
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de farmacos: enzimas recombinantes
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RS Obach et al. Drug Metabolism and Dlsposmon
2005;38:262-270
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de farmacos: fracciones subcelulares
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Velocidad de biotransformacion de ketamina y velocidad de formacion de
norketamina y dehidronorketamina en la fraccién citosolica de cerebro e
intestino de rata

Adaptado de: Gascéon AR et al. European Journal of Drug Metabollsm and Pharmacokmetlcs
1993;18:5220-S223 : : .
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de farmacos: fracciones subcelulares
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F16. 1. Oxidation of clopidogrel by rat liver microsomes.

Clopidogrel (50 pM) was incubated with 0.5 to 1 pM P450 in liver microsomes
from control rats (0.5 uM P450. M) or rats treated with S-napthoflavone (1 pM
P450, &) or dexamethasone (1 pM P450, #) as described under Experimental
Procedures. At the indicated times, aliquots were removed, and the remaining
clopidogrel was quantified.

TA Clarke et al. Drug Metabolism and Disposition 2003;31:53-59
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El hepatocito porcino es el modelo animal para utilizar como alternativa al
hepatocito humano

Adaptado de Acikg6z A et al. International Journal of Medicine 2012;7:5859-5872 -
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Diazepam biofransformation (the supematant) in primary human Diazepam biotransfeemation (supematant) in primary
hepatocyles parcine hepatocyles
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Fi1G. 5. Time course of CS4 metabolite formation.

Total CSA metabolite (TM) and AM1 formation from human lung slice

cultures incubated with 1 wM [PH]CSA from 0 to 48 hr. Values represent data
from one human lung.

Vickers AE et al. Drug Metabolism and Disposition 1997;25:873-80.
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Figure 1. The perfusate concentration—time profiles of
MTX in the isolated perfused rat livers after a single bolus
dose (5 mg) of the drug in the absence of any pretreatment
(Control) or after pretreatment with Cremophor EL vehicle
(Vehicle) or 0.5mg (CyA-Low) or 2.5mg (CyA-High) of
cyclosporine A. The symbols and bars represent the mean

and SD values, respectively (n =4-6/group). MTX: metotrexato

Parasrampuria R et al. Journal of Pharmaceutical Sciences 2010;99:5060-5069



