Metabolismo de Farmacos
& Interacao Medicamentosa

X111 Escola de Verao em Quimica
FarmacéuticaZMedicinal (XI11I1EVQF)

5 a 9 de fevereiro de 2007
Dra. Lidia Moreira Lima

(Profd Adjunto, LASSBIo, FF-UFRJ; lidia@pharma.ufrj.br)

I
de Verans
em Ouimica Farmaceutica

e Medicinal

ot s e Sitane da Snbsncins Bincdimn




Metaoolismo de Farmaces

»Definicdo: processos enzimaticamente catalisados capazes de produzir
modificacdes estruturais na molécula do farmaco.

»Importancia: Inativacdo dos farmacos; toxicidade; interacoes
medicamentosas; ajuste das propriedades farmacocinéticas.

» Classificacado: Reacoes de Fase 1 ou Biotransformacao e Reac0Oes de Fase
2

»Sistemas enzimaticos: Enzimas microssomais hepaticas: Oxidases de
funcdo mista (MFO)= CYP 450 (hemeproteina oxidativa) e NADPH-
citocromo c-redutase (flavoproteina); e enzimas nao microssomais (eg.
MAQO, COMT, etc)

> Sitios de Metabolizacao: Figado, pulmdes, rins, trato gastrointestinal
»Estudos do Metabolismo: Estabelecer a cinética de formacado e a
estrutura dos metabolitos; Determinar a principal via de eliminacao;
Determinar o0s sitios moleculares metabolicamente vulneraveis e
correlaciona-los com aqueles de natureza farmacoforica; Determinar a
toxicidade dos metabolitos e correlaciona-la com a estrutura quimica;
compreender possiveis interacoes medicamentosas; possibilitar o desenho

| Se novos farmacos, etc.
io
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A GITUGHOMO Pesll

UFR)
There are at least 150 types of Cytochrome P450
(Number of human P450s estimated at 57, divided in 16 families)

a.) They all catalyze a reaction: ®H + NADPH(electron donor) + 02 a ®0H + NADP + H20
b.) They are all monooxygenases

c) The O2 is split, so one molecule of the oxygen goes into the substrate,
and the other into H,0
d) the oxygen i1s carried on a “Heme”

¢) So that all Cytochrome P450’s are heme proteins
f) This 1s the same type of heme as in hemoglobin and myoglobin

g) The only difference between the two heme’s is that the heme in hemoglobin
and myoglobin only carries oxygen. However, the heme in Cytochrome P450 can

carry as well as split oxygen

h) The heme in the reaction cycles between Fe*? to Fe'? back to Fet3,
whereas in hemoglobin or myoglobin, you want the heme to be Fe*?

1) Heme is the prosthetic group of the enzyme
gg can also be called mixed function oxidases (MFO)
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g [UERULIRES

- There are at least 150 types of Cytochrome P450
(Number of human P450s estimated at 57, divided in 16 families)

57 genes de CYP450 humano—7 séao responsaveis pelo metabolismo
>90% do metabolismo de todos os farmacos [CYP1A2, 2C9,2C8, 2C19,
2D6, 2E1, 3A4.
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Inhibitors Sulphaphenazole  Ketoconazole Furafylline Quinidine

Figure 1. Schematic presentation of human CYP450 enzymes with model substrates and selective inhibitors (Breimer 1994)
[[www.eurosiva.org/.../Abstractoral/breimer.html]

® D.D. Breimer (1994). Genetic polymorphism in drug metabolism: clinical implicati-ons and consequences in ADME studies. In: The Relevance of Ethnic
. factors in the Clinical Evaluation of Medicines (S. Walker et al., eds). Kluwer Academic Publis-hers (Dor-drecht/Boston), pp.13-26
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UFR]
Number of CYP450 Families CYP450 Nomenclature
CYP450 SUPERFAMILY
& J * ... *FAMILIES - CYP plus arabic¢ numeral
¢§ %& . o‘ (=40% homology of amino acid sequence;
MOLLUSGS -1 Eg CYP1]

FLAMTS - YERTEERATES -14 / EFP-.CTEFH& 18
| / %* SUBFAMILY - additional arabic letter &

E? CYPA450 numeral {>55% homology of amino acid
/ sequence; eg CYP1A2)
INSECTS -3 / \
FUHGI - 14

*|talics for gene (CYFP2D6) and normal

HEMATCOES -2

S (CYP2D6) for enzyme
Melson o af, Phamacogenet 1996; 6:1-42
Drug Oxidation — Major Route of -
D rug Metabolism CYP450 www.fda.gov/cder/drug/drugReaction
Family of Enzymes (CYPs) in Liver P4SDS ai.‘{’n'r'l.’g"%“iﬁiu?im o PAS00 In Liver
CYP2E1 CYP1A2
Proportion of Pharmaceuticals Metabolized by Major P450 Cantentof Hurran Liver *\ /

Individual Cytochrome P450's

CYP2ZD6

Alastakr 1. J. Waod www.medscape.com/...fcmecircle/ 2001/252/wood/slide06 gif Shimada 1 8, 1954, Shimada T et a. J Pharmacol Exp Ther 1954, 270(1)414.




o GITOGROMO Pasil

O complexo Citocromo Pz,

anlizniﬂu do sistema de uma oxidase de funclio mista na membrana do reticulo endopldsmatico
liso da célula
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7 GIMOGROMO Pas

UFR)
O nucleo HEME do citocromo P,

A estrutura tridimensional do citocromo Pys,

CYP2C9

N -terminal

| ¥al 113 ‘r‘
y
4  C-termindl Cisteinato-Fe(III) protoprofina IX
Lilm':fc}'-fgl“ As isoformas da CYP450
Williams, P.A. et af Nature 2003, 424, pjistpibuicdo das isoformas de CYP em seres humanos

icidad do subst
especificidade e acesso do substrato 464

Nomenclatura do Citocromo P450
Exemplo CYP 2C9
CYP=citocromo P450
2= familia genética (<40% de similaridade
Na sequéncia de aa).

C= Subfamilia genética (<60% de similaridade
Na sequéncia de aa.

mCYP 285
o CYP 2B5
o CYP 2019
mLYH A
LR 205

2D6

set - ~
| 9= gem especifico (localizac&o)
® "Interindividual variations in human liver eytochrome-P-450 enzymes invelved in the oxidatien of
Grugs, carcinogenesis and toxic chemicals - studies with liver microsomes of 30 japaneses and 30 caucasians™

' Shimada, T.; Yamazaki, H.; Minuma, M. Inui, ¥.. Guangenich, F.P. 7. Pharm. Exp. Therapeutics, 1994, 270, 424-424
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CYP 3A4

Isoforma mais abundante no Figado

Presente na Parede Intestinal

Diversidade de Substratos: ciclosporina, celecoxib,
diltiazem, nifedipina, verapamil, teofilina, lovastatina,
indinavir, etc.

Reacoes de Hidroxilagdo e N, O, S-dealquilagao
Inibidores: cetoconazol, diltiazem, cimetidina,
eritromicina, celecoxib, narangenina &
Indutores: carbamazepina, rifampicina, ‘
Ritonavir

Atividade Aumentada durante Gravidez
Minimo efeito estérico.

Enzima promiscua: Varios substratos diferentes
classes e natureza quimica
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UFR] Cytochrome P450 2D6

» Absent in 7% of Caucasians.
1-2% non-Caucasians

—Codeine

—Many [-blockers

—Many tricyclic antidepressants
* [nhibited by:

Fluoxetine

— Haloperidol

— Paroxetine

— Quinidine

Aklillu E et al. J Fhamnacol Exp Ther 1996, 278144 1- 446

| Centers for Education &
" Research on Therapeutics™

* Hyperactive in up to 30% of East Africans
* Catalyzes primary metabolism of:

Cytochrome P450 2C19

* Absent in 20-30% of Asians,
3-5% Caucasians
* Primary metabolism of:
Diazepam
Phenytoin
— Omeprazole
* Inhibited by:
— Omeprazole
[soniazid
Ketoconazole

........

Cytochrome P450 2C9

= Absent in 1% Caucasians and
African-Americans

* Primary metabolism of:
Most NSAIDs (including COX-2)
S-warfann (the active form)
— Phenytoin
* [nhibited by:

— Fluconazole

| Centers for Education &

* Research on Therapeutics™

Cytochrome P450 1A2

* Induced by smoking tobacco
= Catalyzes primary metabolism of:
— Theophylline
— Imipramine
— Propranolol
— Clozapine
* Inhibited by:
Many fluoroquinolone antibiotics
— Fluvoxamine
— Cimetidine



e

CYP 2E1 ‘ XENOBIOTIC-INDUCED
DISEASES

tanol, 1,3-butadieno, acetaldeido, acetaminofeno, acrilamida,

anilina, benzeno, tetracloreto de carbono, etil carbamato, cloreto
de etileno, etileno glicol, cloreto de vinila, nitrosaminas

CITOCROMO P450 EXTRAHEPATICO

Table 2
Human P43 orphans

P45 BEeported cxpression site Fossible substrate Heterologous cxpression
AT i Lreer)

251 Trachea, lung, stomach small intestineg, spleen, skin, colon Fetinok aad Ercherichia coli, CHO cells, baculovirus
201 Thymus, heart, bram (cerebellum), spleen, prostate Arachidomic acid Baculovirus

W1 Prostate, pancreas, placenta, lung, colon, small intestine g

1443 Liver, testis E. coli

4A22 { Kidney? Liver?) —

4F11 Liver, kidney, heart, skeletal muscle, bramn Erythromycin Saccharomyces cerevisize
4B} —

4v2 BEectna, cornea, ymphocytes —

4x1 Brain, trachea, aorta, pancreas, lung, kdney, prostate —

421 Breast, breast carcinoma —

JA] —

e i | —

lassai

Labavatariath i liacim oSinkare da Sukakdcins
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* GIOGROMO Pasl

Microssomas do figado

Os estados de spin do Ferro II - configuragdo [Ar]d®

Spin alto Spin baixo

"A representation of with bound camphor.
The enlarged active site region shows the
camphor substrate, haem moiety and
cysteine residue which forms the distal
haem ligand. In the representation of the
full enzyme the protein backbone is shown
in green, the haem moiety in blue and the
substrate is coloured according to atomic
species. Oxygen atoms are shown in red,
carbon in grey, nitrogen in light blue,
sulphur in yellow and iron in dark
blue."-

é&‘io - www.pharmacology2000.com/
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g O processo de oxidacdo catalisado pelo sistema CYP
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& Ciclo catalitico

A espécie reativa
Espécie
reativa
\ 0 LJOH
0 0 0
/ ll m . +H N rl‘:lll ;J +H+., N Fa' !N
/ / £ B e S /
N~ N N —N N N
S| S .S
AP | Fr - -

Ferro(111)-peroxo Feppo(III)-hydroperoxo Ferro(V)-roxo
Super-nucledfilo nucleéfilo eletréfilo
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% Hetabolismo de Farmacos: FAOE |

UFR]|

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILACOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-a-HETEOATOMO); DESALQUILACAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDACOES.

i : :N/ CYP 450 :: : CYP 450 ©fl\
Cl

acido meclofenamlco

T 0
A{/\/N\ CYP 450 *
oH 5
NH,

NH,
vigabatrin vigabatrin
(S)-eutdbmero (S)-eutbmero
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& letanolisio te Farmaces: FAOE |

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILAGCOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-a-HETEOATOMO); DESALQUILAGAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDAGOES.

Protétipo
centro assimét
@]
CYP450 4
® Fase 1
AN N3 Fase 1 ;N 2 /Ni 5 7 5 4

\H CYP 450

prlmldona ureida
- — XI ren
<<<<T0xico O (0xido de areno) O

<<<Potente fenobarbital fenitoina metabdlito inativo

Dilantin®, 1938 Enantidomeros com perfil

farmacocinético distintos
®) 0]

@ CYP450
_—

acetanilida

é parace tamol
®
ASSBIO
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Mecanismo de Oxidagao: CYP450

OH
—CH,CH—

CYP450

CYP450
‘—CHZCHZ— /_\ >‘—CH2C.3H— ’
o |

CYP450 CYP450 CYP450

\J CYP450

‘ —CHZCH— W’

|

CYP450 CYP45(

Mecanismo de hidroxilacéo e desidrogenacéo de alcanos catalisada pelo CYP 450




Mecanismo de Oxidagao: CYP450
. 7N —

o) HO
+3 oxido de areno OH
-
e—O
CYP450

CYP450

O complexo o radical

CYP450 migrag&o 1,2 Q Q
complexo &

CYP450

CYP450

complexo o

Mecanismo de oxidacdo aromatica catalisada pelo CYF




& lletabolismo de Farmacos: FASE |

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILAGOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-o-HETEOATOMO); DESALQUILAGAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDAGOES.

F helix o
OH CH,
N Ph
O O
varfarina
|
OH CHs
HO N oh
- C helix ' o, o

&

Fig. 27: The binding site of S-warfarin within the active site of 2C9
) leaves the haem, shown edge on in the figure, accessible to other
' io®c0mpounds [www.estrf.fr/.../Highlights/2003/MX/MXO06 ].
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Metabolismo de Farmacos: FROE |

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILAGOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-o-HETEOATOMO); DESALQUILAGAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDAGOES.

98
HO

dietilestilbestrol

HO

minaprina

tracos o e m-OH
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Metabolismo de Farmacos: FRSE |

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILACOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-0-HETEOATOMO); DESALQUILAGAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDACOES.

,.-"'\)\ $ CH3  CYP450 .x'{/k,\p

’?' —_— 'CH3
CHs N-6xido
amina 3
R
M&/H CYP450 #{)\,\@ . ,.e"'\)\ /
—_—
|
CH,
' N-Oxido hldroxnamlna
amina 2

:;; ., CYP450 :Nj
L O

) o (R)-nicotina

ASSBIO
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Metabolismo de Farmacos: FROE |

OXIDACOES CATALISADAS PELO CYP450:
HIDROXILACOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-0-HETEOATOMO); DESALQUILAGAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDACOES.

N-hidroxiacetilaminofluoreno
(Pro-carcinogénico)

H3C—S sulindaco H3C—S\O
iﬁKSS‘io
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e . e e

Arachidonic Acid

'R

Cyclooxygenase Lipoxygenasse Cytochrome P450

2N

EET=
T¥Az
el HFETE HETEs
PGE; l
Leukotrienes

Hepoxiling, HETEs
THETAs, HEETAs

COX= cyclooxygenase

CP= cytochrome P450

EET= epoxyeicosatriencic acid

HEETA= hydroxyepoxyeicosatriencic acid
HETE= hydroxysicozatetraenoic acid
HPETE= hydroperoxyeicosatetraenoic acid
LO¥= lipoxygenase

PG= prostaglandin

THETA= trihydroxyeicosatriencic acid

T¥= thromboxane

Fig. 1. Major metabolic pathways of amchidonic acid metabalizm with the
CY P45 pathway indicated in hold letters,

Cardiovasoular Reseanch 68 (2005) 18 - 25

®
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cpoeycicosatctraenoic acid,

Al spoxygenase

A w/in-1 hydroxylase

— — _-COOH
. =T e

e.g. CYP1A, CYP2B, CYP2C, CYP2J =

11,12<or 5.6-, 8,8- 14,15) EET

— :\-W CO0oH
<=ﬂ/<=ﬁv-"fx"«.-"CHEGH

20-(or19- 18-, 17-, 16-) HETE

e.g. CYP3A, CYP4A, CYP4F

-)=H'“H...-’fﬂ"‘x_r" CO0oH
. e _~CHa
Arachidonic acid -
— o~ COOH
Lipoxygenase-like il
> — e A

5- (or 6-,9-, 11-,12, 15-) HETE

¢ O0H
— ~_~COCH

_,«WEHE
Conjugated hydroperoxides:
5- (or 8-,9-, 11-, 12-, 15-} HpETE

{-w
HO
—_

non-Conju
10- (or 7-, 1

Free radical oxidation

\

Fig. 1. Pathways of arachidonic acid metabolism involving cyiochmome PA4S0 metabolism or cytochmme P42
cpoxygenase products, AA a1 hydroogylase products, lipoxygenase-like products, and primary frec radical oxi
ETE (cicosatctracnoic acid), and thus HETE stands for hydmooyeicosatetracnoic acid, HpETE stands for hydr

Caro, A. A.; Cederbaum, A. |. Free Radical Biology & Medi




Cinética oxidacao de Fase | (CYP450)

Tabela 1: Energia de Dissociacao de Ligacbes C-H selecionadas

Ligacdo C-H Energia de Dissociagao

Da Ligacdo em KJ/mol
H-CgHs 464
H-CHj3 438
H-CH,CH; 420
H-CH,CH,CH, 417
H-CH,C(CH3); 418
H-CH(CHs5)2 401
H-C6H11 400
H-C(CH,), 390
H-CH,Ph 368
H-CH(CH,3)Ph 357
H-C(CH,),Ph 353
H-CH,CH=CH, 361
H-CH(CH3)CH=CH, 345

FORCA DA LIGACAO C-H x ESTABILIDADE do RADICAL
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Metabolismo de Farmacos: PASE |

OXIDAQOES CATALISADAS PELO CYP450:
HIDROXILAGOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-o-HETEOATOMO); DESALQUILACAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDAGOES.

SO
o 00
-
N S CYP 450
H S- dealqunagao H

tioridazina (antipsicoético)

coctlsoctigeech

S-dealquilacao
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Metabolismo de Farmacos: PASE |

OXIDAQOES CATALISADAS PELO CYP450:
HIDROXILACOES (AROMATICAS, ALIFATICAS, BENZILICAS,
ALILICAS, C-a-HETEOATOMO); DESALQUILACAO (N,0,S); HETEROATOMO
(N, S, P); EPOXIDAGOES.

N-dealquilacao

O CYP450 O CIPE0,
N Q N-demetilac&o N N-demeti a(;ao

imipramina
H
N—CHs n—CHs _ _ N~
| I!I Metabolitos ativos lll
CH3 I-MAO—antidepressivos triciclicos
T
)..lN\ H

Cl
CYP 3A4
—_—
N-demetilagéo cl
demetilsertraline
Metabdlito ativo

Zoloft®, Pfizer t,,= 60-100 h
i&‘ ® SSRI—Antidepresivo . o
iQ Inibidor Enzimatico da CYP 2D6

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao
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liesaoolismo o8 Fariacos: )

N-dealquilacao

0 0
0 0
/" o
Q c{ CH, ,/E':\ CH
< CH, M-demethylation C\\ C.H, NﬁBrﬂE'h&flﬂflﬁ"
e ——
CH
,-"" .|
C\H&—NHEH. CH—NH C\—MH‘.
o 3

N\

s CH,
LAAM norLAAM dinorLAAM

Fig. 1. Structure of LAAM and its major metabolites norl. A AM and dinorl.A AM.

Deshmukh, S. V. Biochem. Pharmacol. (2004) 67: 885-892

H
] Hal
& e
CHy —_— CHy _— ~ch

Lidocaine P450 3A4 MEGX P450 3A4

Renal Excretion Renal Excretion

Figurs. Lidocaine matabolism and excretion.

i ; |II % Aesthetic Surg. J. (2004) 24: 307-311

................................




HsCO

CYP450

A

CODEINA MORFINA

HEROIINA
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Metabollsmo e Farmacos: FASE |

CHyCOO
Q
. 0
NC \
_ o NCH,
HO CHsCOO "
CODEINE* \ h"“'"“ HEROIN Bayer,1898
Congresso EUA—Heroina
ilegal a partir 1914
H-Demethylation 0 Hydrolysls
CHs HO
HO'
MORPHINE®
alcaldide natural, 1803 D
\
N-Dsmethylsilen ) NCH
CHCOO’
E-MONOACETYL-
NORCODEINE* HﬂRPHINE"
o
Tolerar

NORMORPHINE*
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Heron bands 1o opeate receolors
ol neurons (Braln ceils)
several parts of the brain. This
creates a signal for the
increased release of dopaming, a
brain chemical linked to fechngs
of pheaswra. The action of the
druyg triggers different responses
in different parts of the bram.,

THE LIMBIC SYSTEM
controls emotions
and feelings of
pleasure. Heroin
acts here to prodece
an intense rush,
which peaple
addicted to the drug
seek compulsively.

THE BHAIN STEN controls basic bodily
functions, ke heartbeat and
breathing, Here, héroin can déepress
respiratory activity to the point that
the user stops breathing and dies.

IN THE SPINAL
CORD, heroln has
an analgesic

{ pain-rebeving)
effect. it blocks
the transmission
of pain messages
between neurons,
preventing them
from reaching
the berain.
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HEROIINA
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REDUCAO

Metaollsmo de Farmacos: FAYE |

Azo-derivados, nitro-derivados, cetonas, aldeidos, disulfetos (processos microssomais)

0.

s

NADPH
H3C N NO, _— HyC
citocromo c-redutase H
OH
0 OH (") (IJH
N b, N, M N ok N 'R
R/ %O — > R 8@ — Rr- \H R H
R=alquil, benzil, aril, alil O\\ //O
\\//

S
/[:::r/'\NH
N

HoN NH

Prontosil
g )
o=
) NH
i ®
- xacarbazepina

Lbamtnia sl oSt fankanin, Ui

Azo redutases /O/ O:

sulfanllamlda

HO R [H SH+ R
Rl/S\S/ —_— 1/ HS/
O Og\ —_—
NADPH [H]
citocromo c-redutase N O R . R R” "R

o=\

—>[H] N
R OH

A

R=alquil, aril, benzil

NH»,

R H




Metaollsmo de Farmacos: FAYE |

Reacodes de Hidrolise

Derivados de Acido- Carboxilicos [Esteres, amidas, carbamatos, uréidas, imidas,
tioamidas, acido hidroxamico]

acetic acid

acetamide

ot s e Sitane da Snbsncins Bincdimn

Compostos Carboxilicos:

Ressondncia do grupo carboxil

H,yC

| s ‘ i e
: 0 0o 0 ' 0
Il i I I

C C
TN T AT
H4C (8] CH, HsC OCH;




Metaollsmo de Farmacos: FAYE |

Reacodes de Hidrolise

g

(UFR]|

Esteres, amidas, carbamatos, uréidas, imidas, tioamidas, acido hidroxamico

o]
OH
HsC O
plasmatlcas
O

cocaina

S g =t

Hs

CHj
xilocaina minoritarios
H,N
h CHj HzN CH;
N J amidases on NN
N —_— N N
o) k PABA k
CHj O CHj

procainamida
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Metaollsmo de Farmacos: FAYE |

Reacodes de Hidrolise

Esteres, amidas, carbamatos, uréidas, imidas, tioamidas, acido hidroxamico

Alteracdo na velocidade de metabolizacdo

Fungao lakil

7
CHs

0
Hz'“‘f}%O H M
DH..#’“"LH"'WH.. :> HNwa&

CH4 L\

Procaina - anestésico local Lidocaina

Quebra enzimatica de amidas:
metabdlitos de excregéo em seres vivos

H
N anz mnb:" _enzyme H,N  COH NH .
rn_i“"‘_"‘s. N).= ui -‘-i"LHN & NH,

uric acid ullamuh allnmoir. Hid urea
excreted by: birds, most mammals marnne vertabrates cartilaginous fish,
reptiles, insects amphibia
lﬂﬂ:rme

NH X~

i
é&s. ® ammenium salt
io marine invertebrates

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




Metaollsmo de Farmacos: FAYE |

Biotransformagc”)es Nao Microssomais (e.g. Oxidacoes)

7 NH, OH
\
O O
\ (* A\
—»
N
\
H H
serotonina !
E i MAO B MAO B N N
E i l &
g I i
CH3 HS CH3 . ) -S.H;a
MPTP 1on pin |n‘|um
1-metil-1,2,3,6-tetraidropiridina Induz Parkinson
!
Altera fungado do ne
dopaminérgico

MAO=> their physiological function is to deaminate endogenous amines,
in particular catecholamines, but can be involved in oxidation of xenobiotics
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Metaollsmo de Farmacos: FAYE |

Biotransformacoes Nao Microssomais (e.g., Oxidacoes e
Reducoes)

p B -oxidases
=
hepéticas

NHSO,Ph
TPant N HSOZPh 2

LDH
PDH
B -oxidases
CH,CH,0H —A2» CH,coH BB, ch.coM
desidrogenases aldeido

é ; o? hepaticas desidrogenase
°
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Metabolismo de Farmacos: FASE I

Caracteristicas das Reacdes de Fase Il:

Sao catalisadas por enzimas conhecias pelo termo geral de transferases;
Participacdo de um co-fator que se liga a enzima nas proximidades do substrato
e carrega uma molécula endogena ou uma unidade a ser transferida;
Transfere uma molécula endogena altamente polar e de tamanho comparavel
ao substrato (excecao: reacoes de metilacao e acetilacéo)

Reac0Oes de Conjugacao: 1-Glicuronidacao

HO,C H

S
L0 N .
ArCO,H; RCO,H
HO o >
HO [ @) N ArOH; ROH HO,C

OHO (I)HO CI)H o > o
\ﬁ/ \iDI ArNH,; RNH, > HO AB/X\R
acido glicuronico ArSH: RSH HO
© 0 >~ OH | X=N
OH Glicuronato transferase

_________________________________________________________________________________________________

é : o Efeito de 12 passagem x biodisponibilidade
i
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Metabolismo de Farmacos

Efeito

A Biotransformagdo pode de Primeir
ocorrer em vérios orgdos Passagem

/] pulmonar

Y

Enzimas deo
::}' Metabolisme

Geral

Circula;ﬁﬂ

A 'l e
[ 1 o *
W T ol

Muccv_s. . »  Figado

Efeito

de Primeira

de Primeira

instestinal

Passagem
intestinal

Passagem

K\_] hepatica

Enzimas do

/ 5 Metabolismeo
&mio
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Metabolismo de Farmacos

)
.

Efeito de primeira passagem

O que é isso?

Consiste em uma perda do medicamento por bio-
transformacgdo (ou metabolismo) pela agdo das enzimas
de um orgdo, desde o primeiro contato da substdncia

medicamentosa com este orgao.

A substdncia se transforma em metabdlitos.

Efeito de Primeira Passagem Pulmonar;
Efeito de Primeira Passagem Hepatica;
Efeito de Primeira Passagem Intestinal.
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& Metabolismo e Biodisponibilidade

UFR)

o (G {wl@) BIODISPONIBILIDADE
50 .. N Fracdo ou percentagem do
Farmaco (xenobiotico)
gue atinge a circulacao
Sistémica a partir do local
de sua administracao

the apical membrane of intestinal epithelial cells, the canalicular membrane of the hepatocytes, the caplllary endothelial

cells of the brain, the apical membrane of the placental syncytiotrophoblasts and the aplcal membrane of the renal proxdmal Quantidade ab SOI’Vida
tubular cells. In these tissues, P-gp functions as an efflux pump, preventing the entry of xenoblotics into these tissues.
Quantidade eliminada pelas
Diferentes etapas de 1 passagem

2 B

Absorcao e Metabolismo
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&> Metabolismo e Biodisponibilidade

UFR)

As diferentes etapas da absorcao ‘

- . Dissolucao
[ngestao do Desagregacao do E
Medicamento no estomago .
medicamento
Passagem para *
0 sangue \ Absorcao
/ estomacal
. rarcial
Absorcao 1
Intestinal

Esvaziamento

Deébito gastrico
Sanguineo Passagem
intestinal duodenal

pelo piloro
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& Metabolismo e Biodisponibilidade

UFR)

*Metabolismo hepatico de 12 passagem pré-sistémico:
Abilidade do figado e intestino metabolizar xenobioticos
antes de chegar a circulagdo sist€mica, envolvendo
reacOes de sulfatacdo e glicuronidacgao.

*Metabolismo hepatico de 12 passagem: Sofrem acao do
metabolismo de 1* passagem durante seu transporte para a
circulagdo sistémica a partir do trato GI (logo adm. Oral).
Logo o figado pode remover xenobidticos a partir do
sangue apos sua absor¢ao GI, prevenindo sua distribuigao
aos diferentes compartimentos do corpo, reduzindo de
forma significativa a quantidade de droga que alcanca a
circulacao
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Metabolismo de Farmacos: FASE I

ReacoOes de Conjugacao: 2-Conjugacao com glicina

Substratos: Acidos arilcarboxilicos e fenois

) 0
COsH
©/ yi ©)k,qm = _//_\\ @)LSC@A

ATP Pirofosfato HSCoA AMP
t @)
@) mucosa Gl O
)]\ T _CoA on R N OF | consH
figado /\“/
R oy g R S HZN/\“/ |
H @)
@)
0
OH
_Fasell ‘ Primeiro estudo
thma de metabolismo
ac. benzoico acido hipurico

éﬁ&:‘io(@ ‘ Efeito de 12 passagem x biodisponibilidade
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Metabolismo de Farmacos: FASE |l

Reacoes de Conjugacao: 3-Sulfatacao

ot ezl o iane da Subncins

S0, + ATP

1) ATP-sulfurilase

» 3-fosfoadenosina-5"-fosfosulfato (PAPS) + ADP + PPi

2) APS-fosfoquinase

NH,
N~
¢ f
OH XN )
0 N™ SN
o)

Ol
N
o)
O\g/ PAPS
7\
©
o 0 OH
OPO3H,

Tnzdiaon

O O

\\S//
©

o~ 0

OH

sulfotransferase
+ ' o
_N CH3
_N_ _CH;, H \W/
H
@)
(@)




Metabolismo de Farmacos: FASE |l

Reacoes de Conjugacéao: 4-Conjugacao ¢/ Glutationa

| Reagdo geral: |
CO,H
Reacdes de Substituicao Q
. NH
Doador de Michael HN
JH
\
o “—CO.H

Glutationa (GSH)

L
Glutationa (GSH) - FS0G

Gutationa
S-transferase

ot s e Sitane da Snbsncins Bincdimn




ﬁ Metabolismo de Farmacos: FANE I

E=Reacdes de Conjugacéo: 4- -Conjugacao c/ Glutationa

O

N™ "CHs Bionucleodfilos
/\“/OH . Endog_enos
Glutationa

Adenina

Tripeptideo: Guanina

Glutationa Glu-Cys-Gly Serina
Lisina

\© DNA

RNA

% nitroso % hidroxilamina § hidroxilamina
é x Grupos potencialmente
/ Toxicoforicos
X= c:| Br, |

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




2 Metabolismo de Farmacos: FANE I

"= _Conj jugacao c/ Glutationa (Reacao de Detoxificacao)

Oxido de areno

ol “H
—

X=Bionucledfilo
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o tha s it .

Metabolismo de Aenobioticos

CYP450 —
# el o (9]  |=—— |[Metabdlito
oreto d & toxico
cloreto de epoxicloroetano
vinila | i ﬂ
Agente
I alquilante
G Clrl COH
H
0O ﬁp\m S C'/JS
H- N H- NE H- NE
I — Ly = D
PN S s
HoN™ N7 N, HoNT N7 N, HoNT N L
R R

residuc de guanina

Sukstdnin Insiinn




Metabolismo de Farmacos: PASE |

Acetilacao

Acetilagdo

Reagdo geral:

N-Acetiltransferase
/, \ - - NHCOCH;
CH,COSCoA HSCoA
AcetilCoA
Ligagdo de
alta energia

X =
0/ H H H OH ﬁm

- NH,

0 0 [+l I
H [ - I i
HaC f’"“\,,.r ,TI/\/ \HYI:::,_I:I\'_.::.—E‘—E: 0
PR T S OHg f:H'E- 8= 8-
Acetil B-mercapto- H-::Z- oH
etilamina O=F -3
I
=
| I |
Acido pantoténico 3,5 -ADP
(Vitamina Bg) |

Acetil Coenzima A

SUBSTRATOS: Aminas aromaticas << Fendis <<<Aminas alifaticas <<< alccois

N
Q O N RV
v | PN
S< Z acil-transferase |
N7 N 1S !
|1| Acetil-CoA

NH
X
é_ﬁKSS.io@j sulfapiridina

O CHj




Metabolismo de Farmacos: FASE I
Metilacao k/@jHVNHz e, K/@)V

) adrenalina
noradrenalina

l COMT (catecol o-metil-transferase) l COMT
OH I
OH HsC Ne.
HsC NH, CHs
HO
NH, N—<
(@]
HO FASE 2 HO Q
—_—
\ N-metil-transferase
N N
\ \
serotonina H
1 hidroxi-indol O-metil-transferas
CH;

H
\
~

o)
HsC”™ ° \
N
\
H

Assoi )
Ha2210 melatonina




SHODEMETRBNT

)

y

i)

S GOMBASENRESTRUTURA

o)
Z N
|
S H
N »
norcotinina

OH
A w, [ ]
| | aldeido S
\ CH, oxidase N o
N cotinina trans-hidroxicotinina
ICYP450 CYP450
H
@) | HO
g O
y SCHy o 7 | I}I
« O N CHs;
N N

ceto-amida 5-hidroxicotinina

Murphy S. E. et al., Chem. Res. Toxicol. (1999) 12: 639-645




PREAIS A DB EBNOS COMBASE R ESTRITURA

L=
CHs c
CH, C
(.:OHngcl: CHs
O\"/N\S/N\“/O\/\/ A 95 O\“/N\S/N
Furadar 3

O @) S k‘.aem\ﬁe\nema{\d\d‘
T carbosulfa

: furathiocarb ey A
OH S ‘ )OO CH,§
CH . CH3 .
3 CYP450 . ST hidrolases CH;
CHy s Fmc=ch, > o
O 0O NQ
CHs H OH
O Ny 7-fenol

T

O
carbofuran CYPA430
. . CH;
3-hidroxicarbofurano
3 CH;
hidrolases CYP450 H
O\“/N\/OH

O
OH O

O
CH -
CHs CI—3| hidrolases CH; N-hidroximetilcarbofurano
3 >
CHj; O CHs
O CHs o)
@) N

OH \]/ ~H OH

3-hidroxi 7-fenol O 3-ceto7-fenol

3-cetocarbofurano
Keserii, G. M. et al., J. Agric. Food. Chem. (1999) 47: 762-769




\

[

il

4ail;

SO DEMETRBNTS GOMBASEMESTRTURA

Inibidores da 0 OH

OH
Biossintese >\‘\CH3 N~N N N—N N\
%4 \
do Ergosterol f N <N)C| WNC N)F A
(C-14 desmetilase) N\)

N Tt1/2
LX Q /2 cl F

N 0
(4) fluconazol (5)
o Tabela 1. Dados de farmacocinética e de solubilidade de dois

potentes derivados bis-triazdlicos em cies

Cl Cl H J‘:'-l
cetoconazol (5) rr;hl ::Fﬁ-"
t1/2
R2

Parametro (4 Fluconazol (3)
R, Cl F

R, Cl F

Log P 1.5 0.5
Ligacio a proteina plasmatica (%) 43 11
Depuragio renal (ndo-metabolizado) 005 0.46
imL/min por kg)

Depuracao nio-renal (mL/min por kg)  0.45 0,19#
Solubilidade em dgua (mg/mlL.) <l B

* Principalmente excre¢io na forma inalterada nas fezes.

: Quanto mais lipofilico= maior reabsorc¢éo tdbulo renal
Bkt i Pereira, D.G. (2007) Quim. Nova, 30, 171-177.




Mot de Famiaeos & Tieidade

NP {’N \@ji

,.;J"'F
- e
- DINA
“‘ Hiow “
]
oOH
a
Frydrase %50
2
"‘ W/0 ENZyme
He H o S with G
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Wefcoollsiao b raiaces @ laeiae

Definicdo: DNA é um polimero de unidades desoxirribonucleotidio
Nucleotidio: Uma base nitrogenada (purina ou pirimidina), um acucar (desoxirribose) e um ou

mais radicais fosfato

gt Q)

N
Purlna 3
Pirimidina
NHZ O O NH2
7 7
1N/ N> N> N6 |5 CH; INZ6 |5
K A A 2
3 3 4
4 "H° N9 | 0P >N 07X
H
Guanosina (G) Timina (T) Citosma (C)

Adenina (A)

OH H
Desoxiadenosina

Nucleosidio

N

Ligacdo C1- com N1

de uma pirimidina
ou N9 de uma purina

Ligacao N-glicosidica configuracéo p

OH H
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[ekaonlsio o ariaces @ Ieeiace

Definicdo: RNA é um polimero longo e ndo ramificado constituido de ligacdes Fosfodiéster 3"---5

1NZ N5 NH,
/i \>8 (j 6 7
2 XX 4 INZ 5 N

I\31 | \>8
Purina Pirimidina HO. 2 \“2~No
3
i B [ 0 bl
NH2 0 o 2
7
1
H
”“( Vo AR R
2 2 Nucleosidio
N > N 3 )\3 4 )‘\
St mNTONTA S AN 0”7 N
H H
Adenina (A) Guanosina (G) Timina (T) Citosina (C) Uracﬂa L)

Acucar é a ribose e presenca da base nitrogenada Uracila que substitui a Timina do DNA NHz

5 N’
[ Do
T (I}o(lyo LN4N9

I I I H/O\H
Ligacdo C1- com N1 O 1’

0] @)
de uma pirimidina H |3 2] H
ou N9 de uma purina | > OH H

&s‘i ® ribose Ligacdo N-glicosidica configuracédo 8 Nucleotidio Desoxiadenosina 5'-trifosfato (dA




000 0 PATFIAEaS © A

0 NH,
CH.
el Y
'lll (8]
U—Il’—(]—CH. O 0—P—0—CH, O
| | ! |
H 1 O H H
H H H H
OH H H H OH H OH H
Nucleotide: Deoxyadenylate Deoxyvguanylate Deoxyvthymidylate Deoxyevtidvlate
(deaxyadenosine [deaxyguanosine (demxythymidine {denxycevtidine
5'-monophosphate) 5 -monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbols: A dA, dAMP q, dG, dGMP T, dT, dTMP C, dC, dCMP
Nucleoside: Duoxyndenosin Dooxyguanosin Deoxythymidin Deoxyeytidin
(a) Deoxyribonucleotides
NH, 0 0 NH;
N N> HN N§ HN | N |
L**NJ‘\N H-.NJ\N —N L0 i 'UA\N
8] () () ()
, |
U—lll'—ll—-l_-'l-lz rlJ—l-l'—uﬂ':,‘l-l2 0 U—i"‘—U—-CH 0
0] O 0 i
H H H H H H
OH OH OH H OH
Nucleotide: Adenviate (adenosine Guanyviate | punanosine Uridvlate (uridine Cytudvlate (eytidine
B -momophosphate 5'-monophosphate ' -monophosphate | 5'-monophosphate
Symbols: A, AMP G, GMP U, UMP C, CMP
Nueleoside: Adennsine Cruanosine LT ridline Cytadine
(h) Ribonucleotides j
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5" End 5" End

5 _(||)==() ()—E:O
‘:? ! A and B Double Helices

Phosphodiestert 6 p_
linkage

(d) A-DNA, side view

(b) B-DNA, sicle view

3" End

3" End
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Base Pairing

o) - “ . I -
D - PN ! Thymine

- » Adenine -..N =L,

N &l P 0 ; k o5 i
(A o, ' ] Cytosine

| Y 1D o AR » (Guanine
A& 8 | ’ '




N0IS0 8 PATHIARAS © IAEkARe

Citosina Guanina

GG
T v 6
T e A
N—
O oHy C-G
HE—P=0 G-
oo B A-T
|"-.,_,|""' r G-C /)
il LHiHy i} ¥ desoxirribose
G=p=0 c desoxirribose (W)
o i Timina Adenina
o 21 0
()
A=) [
& OCH, - -
L I
WPl
A=)
‘1"_ ..-n-._u T
'|'| '||| -
0 OCHy =L
G-C4¢ b
desoxirribose
L676 me-pLpUpCpCpCphplpCpCpUpCpipophpl .d
1677 mr-pCplpCpCpCpipipApCppCphpBpREpT desoxirribose
1707 mr-pipipl pCpCpApEpERCp IpC pAp ERART 5 3 _
S @@= Adenine

Figumre 1. Seraceare of S ol g oligo.2 -k e byl omach: odde

e vy Bpecenisc e ol bosee, 13 sogaence of S TAK KNA g Thymlne
e e e s O U il -TAR olgoevacieoddes. The spmbol p s a H
pileceptecal] sty B ge pEa ey ipeCepleomin e B age mnd mak- = Guanlne
ke e are showe b akes The olgome r bewSeg e on TAR :
- mm Cytosine
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TCHB T
o e /©/ LI \"/
Danos hepatlcos ———————————————
acetanilida fenacetina Danos hepatlcos HO

(analgésico e antipirético, 1886) H3C nefrotoxico acetaminofeno
(ParacetamolR, 1953)

hepatotdxico

I
N CHj
CHs \"/ \"/
Y r
HO
CYP 450

acetaminofeno O-desalquilagao fenacetina
acetanilida H C
(TylenolR, 1949) 3 _
amidases
Nefrotoxicidade @ /©/
p-fenetidina

H3C

) metabolito ativo
®
ASSBio
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meso-epoxido

~— O /"
g N O .-~ ep6xido hidrolase
O . microssomal NH; inativo

relagdo 9:1

NH g J\
2 N
CYP4S0 O NH .. epoxido hidrolase
carbamazepina 2 ) microssomal
metabolito ativo .
Tegretol®, 1974 , 'Y
Indutor enzimatico ................. toxicidade _ _ _ _ _ . _ //
Reduzem a excitabilidade da célula pos-sinaptica, NH, ativo
Alterando a permeabilidade da membrana celular:
Prolongam o periodo de inativacdo dos canais de Na*
voltagem dependentes
HQ Q
 6R
Fase |
4 _________ ‘

NH, relacdo 4:1
oxcarbazepina

) <<<indice de toxicidade
A:m




SS9 TS T@E@j@ [ete

(Persiatent with P, wule and P, poaex)
Intraveros [nfection
(g, Tramafmsion)
Liver = — ERNTHRGCYTIC
)

e * e Hoat & ] = ©¥ciE Mo owernm F b

- fiw & REX

. [ 8 .

s ™ (

-
'{ HEPATGCYTE L] \ e P (:H3 pamaqulna

D T over
-, c /I CYP 450
® " Obstruction. N -demetilacéo

D% 05w CYP 450
- @;-:-?Tr__ﬁ\,g;gemetlIagao

i J
S C

L

Mlerorodle

CHis-
m@qu|ha A
~ b 1""| iy 'l;alr?t'“:"ll:e:l vile CYP 450

Stommach 'l'\ ]

Inibe G6FDH (raca negra)
Mediador de reacgOes de oxi-reducdes
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C= H C=N
C=N ghltatlona >:< CYP450 >W<
H - T
S(?_éH Fasell  H  H CYP2EI H H
1% null CYP2E1 null-mice acrilonitrila Fase I
Polimeros/Resinas Fase IT | glutationa
ESTE PRODUTO QUANDO QUEIMADO OU AQUECIDO PODE
LIBERAR GASES TOXICOS DE CIANETO DE HIDROGENIO E OXIDO
DE NITROGENIO. C=
Toxicidade: Espécie: RATO HO GS
Via Respiracdo (CL50): LCLo (4 h) =500 ppm
Via Oral (DL 50): 78 mg/kg "AGUDO""
Via Cutéanea (DL 50): 96 mg/kg (SUBCUT.)
0 O
H . CYP450 H NH
NH,  glutationa H NH, > 2
H H < Fase 11 CYP2EI1 H H
SG H H H Fase I
1% null CYP2E1 null-mice e epoxido
Formada espontaneamente em alimentos ricos em carboidratos quando preparados em Fase I | hidrolase

temperaturas superiores a 120°C, a presencga da acrilamida foi detectada depois de um
acidente durante a constru¢do de um tunel na Suécia, em 1997. Na ocasido,
trabalhadores foram intoxicados por um produto usado para vedar vazamentos de agua
composto por acrilamida, que ja era utilizada na industria e conhecida por sua acdo NH2
neurotoxica. Além de danos neurologicos, como dorméncia em membros inferiores e
superiores, pesquisadores detectaram no sangue dos trabalhadores contaminados
niveis elevados de adutos acrilamida-hemoglobina, um composto formado pela unido

substancias toxicas a hemoglobina
é i Role of CYP 450 2E1 in the metabolism of acrylamide and acrylon
i Sumner, S. C. J. et al., Chem. Res. Toxicol. (1999)12: 1110-1116




Borrachas e Plasticos

detectado em gasolina,

fumaca de cigarro, ar
urbano=""human carcinogen”

&3 cancer hematopoiético

CYP450 EH
paYs R —_— OH
1,3-butadieno OH

Aductos com DNA ou hemoglobina

Espécies Eletrofilicas
N
Bionucledfilos




Hecaolsing e Lemaaloeas & Tareluae
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200-300 milhoes de pessoas
com Diabetes Mellitus em 2010

Class:THIAZOLIDINEDIONES

Proscrito em 2000 (Reacgoes idiossincraticas com severa hepatotoxicidade)
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il 6 DEadatooss [

/O/ Y{NH Proscrito em 2000 (Reagdes
0

idiossincraticas com severa
hepatotoxicidade)

CHy

troglitazone

—" &

(FDA, 1997) Class: THIAZOL IDINEDIONES

K He et al [ Biockemical Pharmacology 62 (2001) 191-198 —
S ) nm
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| il 1 (]
m1’J’$""'-"J \[:-\.-l-\.\_.-j '{I ™
Treglitarorea n
r Ny
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T T :I“H";"“Ehi' *A}m - e D, . ,_.{; &S Prabius et al | Chemico-Biological Interactions 142 {2002 ) 8397
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Fig. 1. Scheme of primary metabolc pathways mvobed o TGE r r ]l R . i_f_ L . [u_ﬁ_ﬁ__._ ?L _
mutabolism. T

C.‘r PiA4 s I::".”;_':'ns_ligtz".d Ly be th:_: Plﬁjt'.jm”.mnl: CYP Fig. 2. Full scan MS spectra of MET-1 (MS range 50- 1050 Da). The characteristic fragments included
S e 747, 618, 440, and 308, The full scan MS as well as UV spectra of MET-2 were similar to MET-1. Inset

. liver microsames and hepatocytes. shows the UV spectra of MET-1 {4pa = 275 nim).
i ®
ia) ane-da Suktd !
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oo do Netaolsmode enobitos

0

0 :?‘/Ej\
0= 0 ~""0 U:( 0 ~""0 Jij’\]g%
H OO

Cyelohexane-4-one metabolite of Compound A LR ||_~,.;||m_~, cyclohexane metabolite of Compound A
(M15)

(M18)

tiazolidinodiona

mfz 234
-CO L mfz 190

oxazolidinodiona iz 53
= | }ru
=

[“C] -HMCO: miz 177
Compound A .
(hipoglicemiante Troglitazone) [A +NH,]*: m/z 469
CYP2C8 CYP2C19
qequa[m'ia] h'_-r-flm xl.,llmj.nm {axial h:.l,-._-[m;.gl,,.qm'mm Fiz. 2. Tenfatrve stuchral assignments for the mest informiative fragmenta-

tion pathrovays observed for [A +WH:]™ upon cellision-mduced dissociation.

Agrawal, A K et al. J. Pharm. Biochem.
Anal. (2005) 37: 351-358

Metabolite B

OH

Metabolite C Metabohite E

i°® 1. Schematic presentation of [**C]- :m:p-au::d A, and ity oondized and hvdroxgylated metabolites following m
mie  seduzal detaals are descnbed ...lJ.Ehl'E-EC won 2
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hsectus Esooomenicnsdo eabolisn de Fimace

Estereoquimica: Parte da Quimica que estuda as estruturais
tridmensionais das moléculas

Isomerismo: isomeros sao compostos diferentes que possuem
a mesma formula molecular
T1ipos: isomeros de cadeia (e.¢g. butano x i1sobutano)
1somero de posicao (€.g. 2-cloropropano x 1-cloropropan
Estruturais h 1Isomero de grupo funcional (e.g. etanol x eter dimetilico)
1Isomero conformacionais (€.g. anti, sinperiplanar)
Estereo- 1Isomero geométrico (€.9. (Z)-2-buteno x (E)-2-buteno)
ISREros -isf)mero opticos (enantiomeros x diastereoisomero)

QUIRALIDADE ?

ot s e Sitane da Snbsncins Bincdimn




hspetos Eseeonuimicos o Neablcmo  Fimagas

ISOMERIA GEOMETRICA

Neste caso, somente o primeiro enantibmero possui a configuracao Ne§te caso, o grup? Cdo Segu[‘do (?nantlomNero
correta para o receptor: quando 0s grupos A est&o em trans a esta em uma posi¢ao desfavoravel a interagao
molécula ndo "encaixa" com o sitio receptor. com o receptor.

Labavatariath i liacim oSintare da Sakakdcins Bin:
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hsectus Esooomenicnsdo eabolisn de Fimace

QUIRALIDADE: Propriedade molecular relacionada a auséncia na
molécula de eixo de simetria ou presenga de centro assimetrico ou quiral

off:
©2 =,

Jean-Baptisti Biot (1815): Propds que a atividade oOtica é a habilidade da substancia rodar o plano da luz

polarizada

Louis Pasteur (1848): Prop0s os fundamentos da estereoquimica: atividade otica de solucgdes organicas é
é : determinada por assimetria molecular que produz estruturas de imagens especulares ndo sobreponiveis

®
io

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao
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hspetos Eseeonuimicos o Neablcmo  Fimagas

Louis Pasteur (1848): Propds os fundamentos da estereoquimica: atividade otica de solugdes organicas é
determinada por assimetria molecular que produz estruturas de imagens especulares ndo sobreponiveis

-,;.':'@‘ A NalS . ¥
ﬂa | I !2:‘3? I?'y :ﬁ :
A )

Jacobus Henrias Vant’Hoff & Joseph Achille le Bell (1874): Avango sobre a teoria de estruturas
organicas em 3 dimensdes: propuseram que as quatro valéncias de um determinado atomo encontrava-se
num arranjo espacial tetraédrico, ¢ quando substituido por quatro grupos diferentes o tornaria assimétrico

(centro estereogénico ou quiral), sendo capaz de existir em duas formas distintas (enatidmeros) nao
sobreponiveis.

Enantidomero
Estereoisomero (isbmero optico)

Diastereoisomero

Substancia oticamente ativa € aquela cuja estrutura tridmensional nao ¢
A;s.;.@ sobreponivel a sua imagem especular

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




Iects Etreopinicss o Weabolso  Frmaces

IFR

espelho CH,

!

' H

y,

B

CH, Quiral

CH, l

Estereoisdbmeros

!

" Quantos ?
& W !

Formula=2", n= niumeros de C quirais




IFR

Iects Etreopinicss o Weabolso  Frmaces

Figura 6.5.

|

& = _ o
2o Bromo=-S-cluronirany

Formula=2", n= nimeros de C quirais

CH, CH, CH, CH,
H——Br Br——H H—FBr Br—/—H
H—Cl Cl———H Cl—+—H H—CI

CH, CH, CH, CH,

(25, 3R) (2R, 35) (25, 38) (2R, 3R)
enantiomeros enantiomeros
o _
diastereoisomeros

Mistura racémica ou racemato: mistura opticamente inativa, contendo
mistura (1:1) de enantibmeros

www.personal.us.es/ fcabrera/fiquras/leccion6.htm
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IFR

Iects Etreopinicss o Weabolso  Frmaces

Plane-polarized light Polarimeter

5|

source polarizer analyzer
5893 A

Ordinary light 15 amoving wave whose wibrations take place
in all directions perpendicular to the direction in which the
light iz travelling. One can envisage each vibration as the
vector of two wibrations which are mutually at night angles.

v
4

One of these vectors can be eliminated by passing ordinary
light through a polarizer - Polaroadfilter. The resulting light 15
saidto be polarized - all its wibrations are parallel to a single
plane.

SeOLOOOOOOLOOOOOGS

L
X}
*
™
- 9
B
=
=
)
®
=
Y
=
= ®
Lo
. ®

‘ Pasteur van't Hoff Fisher Prelog
Discovered Separated Tetrahedral Identified the Devised
Optical Activity Enantiomers Carbon Atom 16 Aldohexoses RS & ZE

y ®
Assmpig
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Asnecios Estereoqmmcos b Metabollsmo de Fimacs

. Figura 6.1

Joracionzs Tlguraciona Yy S

Enantiémero R

Enantidémero 5

www.personal.us.es/ fcabrera/fiquras/leccion6.htm
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g ASNOS EStEINq“IIIIiCOS 00 Netabolis de Farmaces
UFR]) |
a chiral
@ honding
site
Yy R chiral
o honding R-(+)-imoneno  s.(-)-limoneno
site laranja lim&o

)‘\/\’r O/CH3

(S,R)-aspartame
Amargo

Stereochemistry of a-Amino Acids

: _ (S,S)-aspartame
86 @8 -

R R
w It is the L-form (shown at right above)
which exists in naturally-occurring J:
amino acids, and thus in the proteins | CHClz

they form.
m See Fischer projection at right.

)

o
fz
)

o
2T

gzo
I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII)JI

FrlLLL@do®

‘ L-DOPA (antiparkisoniano)
(S,S)-cloranfenicol (tuberculostatlco) D-DOPA (granulocitopenia)

(R,R)-cloranfenicol (cegueira)




Aspectos Estoreoqumices o Netabobso de Famaces

Figura 6.4.

~ . . OH
PE2CoNoCImMIZNTo oH

quiral dz lo .

. roo. Civi: +
enlinerring par 7o Ny oz ot -

P I . | HO g (|:H

LN €nZirna

(R) (-) epinefrina

: : Sitio active del enzima : :
epinefrina natural Complejo enzima-

sustrato

L

Solo el OH
: OH
enantiomero
levoqiro ajusta ;:_:
en el sitio
+ Cfln
cf-_l|-.-g del NH,—CH,” ~ OH
enzima '[!:H3
(5) (+) epinefrina
epinefrina artificial No ajusta en el sitio active del enzima

www.personal.us.es/ fcabreralfiguras/leccion6.htm
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IFR

N—H
=
0

g

CYP 450
>
(cachorro)

Iects Etreopinicss o Weabolso  Frmaces

fenitoina
O
OH CH;
N Ph
+
O (@]

(S)-varfarina

(R)-varfarina

CYP 450
—
(homem)
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hspetos Eseeonuimicos o Neablcmo  Fimagas

) S
CH; CHs CoA
: CH CO-H acil CoA-
(Ha COH ° ’ sintase CHy & CHs
HsC A l
HsC 3 o HsC
(S)-Ibuprofeno (eutdmero) (R)-1buprofeno (distomero) ‘

CoA-racemase

O

~ e S
Invers&o estereoespecifica CoA

hidrolases CHj "MCH,
-—
HsC
(S)-1buprofeno
o T
N O * N
O N\H SH
CYP450
FC N-demetilacio  F3C
fluoxetina CYP 2C9 t1/2: 7-15 dias
CYP 2D6
Prozac®, Eli Lilly gg giélf Metabolito ativo
(S)-1,5 x mais ativo (S)-20x mais ativo (R)-norfluoxetina

<<<excrecao lenta

: SSR I—>Antidepresivo Inibidor Enzimatico da CYP 2D6

3 ® (S)-mais potente inibidor
Q
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Estereoseletividade
no Metabolismo
. de Farmacos

o!
~OH

Dog

Dag

Figz. 1. PFroposed bictransformation patlvevay for human and dog metabolites of OA m plasma, wine, and faces.



Estereoseletividade no Metabolismo
de Farmacos

mﬂ@

aloperidol

Cl
OH
Q
F R(+) -hidroxi-Haloperidol m Haloperidol

Eyles, D. W. et al. European Neuropsychopharmacology (1998) 8: 127-129



diclofenaco

Cl Cl
CYP2C9
N
N\ > \
H H j
>>>
Cl OH Cl

Mancy, A. et al., Biochemistry (1999) 38: 14264-14270




"A representation of with bound camphor.
The enlarged active site region shows the
camphor substrate, haem moiety and
cysteine residue which forms the distal
haem ligand. In the representation of the
full enzyme the protein backbone is shown
in green, the haem moiety in blue and the
substrate is coloured according to atomic
species. Oxygen atoms are shown in red,
carbon in grey, nitrogen in light blue,
sulphur in yellow and iron in dark
blue."-

www.pharmacology2000.com/
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Tabela 1: Energia de Dissociacao de Ligacbes C-H selecionadas

Ligacdo C-H

H-CsHs

Energia de Dissociagao
Da Ligacao em KJ/mol

H-CH;

464

H-CH,CHs

438

H-CH,CH,CHj

420

H-CH,C(CHj3);

417

H-CH(CH2)?2

418

H-C6H11

401

H-C(CH5;);

400

H-CH,Ph

390

H-CH(CHs)Ph

368

H-C(CHa),Ph

357

H-CH,CH=CH;

353

H'CH(CH3)CH:CH2

361

345




CH, CHO

OH

o-hydrosyphenyl-
acetaldehyde

T-hydroxycoumann A-hydroxyooumann

Fig. 1. Metabolem of coumarin in man by P430 enzymes (Nere: There is some dizagreement between the findings of Zhoo ot al. (1999 and those
of Born et al. ( 2062) on the formation of 3-hydroxycoumarm via CYPIA4, where the latter report this pathway and the former report generation of

o-hy
E YEIOS

-

\ Modelagem por homologia
(estrutura cristalografica do CYP2C5)]

\

CYP1A1 e CYP2A6

Fig. 2. The putative active site of human| CYPLA L showing a possible orientaton of coumarn for 3 4-epoxidation. Kev amine acd residues are
® labelled according to ther alignment position (see Table 1) with the CYP205 crvstallographic template, and hvdroeen bonds are shown in dashed

lines between coumarin and the protein. D.F. V. Lewis et al. | Toxicology in Vitro 20 (2006 ) 2 56-264




CH, CHO

OH

o-hydroxyphenyl-
acetaldehyde

CYP1Al CYP2A6

T-hydroxycoumann A-hydroxycoumann

Fig. 1. Metabolism of coumarin in man by P43 cnzymes (Meie: There is some disagreement between the findings of Zhuo et al. {199%) and thosc
of Born et al. (H¥12) on the formation of *-hydroxycoumarm via CYPI A4, where the latter report this pathway and the former report generation of

o-hydroxyphenylacetaldehyde).

TERZTH

/ — L

Fig. 3. The putative active site of CYP2AS showing an onentation of coumarnn for 7-hvdroxvlation, Kev aminoe ac
Lo their alignment position (se=e Table T) with respect to the CYP2OS crvstallographic template, Hvdrogen bonds o
n and the protein,

®

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao
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Metabolismo no Desenno de Farmacos

1@;5:‘5 |
desmolase
> H

pregnenolona
colesterol

3B -desidrogenase

17 -hidroxilase
-—

progesterona

17a-hidroxiprogesterona

@)
17,20-liase
aromatase
>
HO

estrona

Estrogenos=Androgenos (androstenodiona) via adrenal e (androstenodiona e
testosterona) via tecidos periféricos = Pds-menopausa

é ; Biossi(gtese de estrogénio por acdo de Aromatases (Membro da familia de enzimas monooxigenase
950, a qual converte andrégeno C-19 em estrogénio C-18 atraveés de trés hidroxilagdes sequenciais)

androstenodiona




Metabolismo no Desenho de Farmacos

IFR CH, @) CHs O
HO
CH
O,/CYPys5
—_—
O NADPH O
androstenodiona
NADPH
CH3 O CH3 O
O,
HCOOH + O,/CYPysg
—
NADPH
HO O
Estrona
17B-hidroxiesteroide
desidrogenase
OH
CH, O GHs
CH
aromatase
-3
o HO _
é‘&s‘i Testosterona Estradiol
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Lombardi, P. (2002) Biochimica et Biophysica Acta 1587: 326-337




e
lFRI ESTROGEN BINDS TO ESTROGEN RECEPTOR o ‘ WITH ESTROGEN e, WITHOUT ESTROGEN

TD GALISE GROWTH IN ER+ CANCER CELL

ER+ cancer cell growth ER+ cancer P!III growth
2 @ (multiplication of -::-1!5} i minimized
1§ increased

s @
[ER- BREAST CANCER CELL | A B
®8 e & , )

By interfering with the production of estrogen triggered by aromatase, aromatase inhibitors actually reduce the total amount of
estrogen in the body. As a result, less estrogen can reach breast cancer cells.!Thus, these drugs help to starve breast cancer cells in
postmenopausal women by depriving them of estrogen. The next illustration shows the effect of estrogen deprivation on the multiplication of
breast cancer cells

:’1“’1:* ae EANCER
g T T T CEu Before therapy: Androgen (a N
B TR CAMCER hormone found in both men and / \\
W women) is produced by fat, muscle, < _N

and adrenal glands. Aromatase N
enzyme is needed to convert
androgen into estrogen, whic
results in tumor growth.

TROGEN

AROMATASE ENZYME

NC
With therapy: FEMARA
(Novartis) binds to the aromatase
enzyme and blocks it from
converting androgen to estrogen,
thereby reducing growth of the

tumor.
FAT XL A MUSCLE ADREMAL i .
st i Pt GLAMD http://www.us.femara.com/info/page/about-assistance

AHDROGEN




Metabolismo no Desenho de Farmacos

Exemestane (Aromasin®) Formestane (Formastat®)

S

Anastrozole (Arimidex®) Letrozole (Femara®)

Brodie, A. Trends in Endocrinology & Metabolism (2002) 13: 61-65



Metabollsmo no Desenho de Farmacos

CH; O O
[ @) CHs;
o 0O,/CYP19
g —_—
o NADPH
Testosterona MDL 18, 962 HO o
inibidor suicida de aromatase
- _ Carbon lron Nitrogen Oxygen
L.. CHj, @)
‘ O, @&
"_ L
O
mre s iim wass mm eim eemm mmm s = e Enz CHjs O
@)
@)

O’Neal Johnston, J. et al., Steroids (1991) 56: 180-184




Metabolismo no Deseaho de Famaes

“NNHCHEH), OH
= = | OH

ModificacBes
— Eetugls
= _— - > 1
_— - >
extenso metabolismo
(¥} propranalol m hepatico
Extenso metabolismo ! fini
de 12 passagem— 25% biodisp. oral ; > afinidade receptores 1.

v/

NHCH(GH) TN EH,),
S OH
’P

=)
P i

Brevilboe

| i
CHCH,0CH—<] CH,CH,CT,CH, |
{8) bataxaial
Cardiosseletivo c/ Tt1/2

%) vamolol

Cardiosseletivo (parenteral) c/ 411/2

Tabela 2. Dados de farmacocinética de alguns [-bloqueadores em humanos

Farmaco Log P (octanol/dgua )y biodisponibilidade oral {em %) tempo de meia-vida (em h)
— Propranolol 3.65 Cerca de 25 3-5
—  Metoprolol 2.15 Cerca de 40 34
— Betazxolol 2,81 Cerca de 80"
> Esmolol

14-22'¢
: : 0.13



http://www.encolombia.com/merck/images/merck-metoprolol-50.gif

Wetabolismo no Desenho de Famacos
. fenilatanina HC' ‘ Mieloma miltiplo

/_/ L N
HaC—N -t HzN‘(_Q R
— CO,H Cl

Cl L. ) , .
Melphalan (uso: Oral)  ++ estveis, + seletivos, - toxicos

Cl carbinolamino
Boo H Cl Cl

HyN_ //O / Varios carcinomas &
II)\N linfomas

Malignos & doencas

HW‘/\/O \ autoimunes
o
Cl

Citotoxicidade &
mutagenicidade

Cyclophosphamide Cl

(uso Oral/Parenteral)

4-hidroxi-ciclofosfamida Cl Aldofosfimida

aldeido desidrogenase
Cl

H CH, HzN\P//O /—/ ' Cll
\”ﬁ | . l\N HzN\ //O
o) acroleina OH

Via ndo enzimatica

| "N Tecidos normais x tecidos cancerosos

\ HO O
mustarda fosforilada 1 Y\/

0

Cl
l carboxi-fosfamida
é ; %tabolltos téxicos

................................




Metanollsmo no Desenno de Farmacos

Anti-malarico
CH I/
CH3 I/ y |
') \N/\/ \
H\NJ\/\/N\. Alemanha T - |

l | . > oH
OJ CHg| - ----me > 3
H3C
q xantona O S !
Cl

acridina ! éH3 Bioisosterismo !
) ) ! ' Miracil A classico i
Prot6tipo quinacrina o ... i TToxicidade v
C
r
I/ H\N/\/N\|
H N |
0 \N/\/ s
S CYP 450
G CH < )
+simplificacdo 3 Aspergillus N
5 molecular scleroticum -
i S Pro-Farmaco
M I/CH3 hicantona Tindice de efeitos adversos
p-metil-anilina L. . 5
i’ ! metabélito ativo OH Tropas Aler_naes ?a campanha |
NN do Norte da Africa, 22 Guerra Mundi
Miracil D
CHs anelacéo HO 'i'
___________________ > O N CH
___________________ > N N 3
| Pfizer [ |
CH3 |[{+—> CH,0H © H CHs

oxamniquina
I° Mirasan Vansil®




Netabolismo na Otimiza

(0 0e Farmacos

B
7| NH,
> | Aumento da Permeabilidade indlicos
V
l\{ ascular 1963
toni H
serotonina
MAO OH
OH
OH H3CO 19)
HO o) N CH; Indometacina

HO ) N\ Fase | N (In_d00|d®, 19,§3)
N\ CH3 . Psicose, cefaléia
Ny N Hidrolise O frontal, depressa

\ H O-demetilagdo Vertigem,
H metabdlito ativo alucinacdes, etc.

acido indolilacetico
T
Similaridade estrutural OH \Ad OH
OH v

A A 0 _— @]

E _ N—CH

“ O “efeito orto” N—CH, ~ 3

CH
3 H,C R o
\ Proscrito 1983= _
Reacdes Protegé_o
anafilaticas metabolica
H,C

Cl
Zomepirac (1980) Tolmetin (Tolecti n®, 1976)




Metabolismo na Otimizacao ge Farmacos

F
—
CF3
ON\N/
H,;C
S
O O SC-58125 )
protétipo

ICsy> 100 uM (COX-1)
ICqy= 0,1 pM (COX-2)

ot s e Sitane da Snbsncins Bincdimn

R1

SO,NH,
SO,NH,
SO,NH,
SO,NH,
SO,NH,
SO,NH,
SO,NH,
SO,NH,
SO,NH,

R
CF,

cl

F

CH,
OCH,
SCH,
NHCH,
CO,H
3-CH,
2-CH,

IC,, (COX-1)
<100 uM
17 uM
25 uM
15 uM
2,58 uM
1,19 uM
13,8 uM
>250 uM
33,9 uM
18,1 uM

s

IC,, (COX-2)

8,23 uM
0,01 uM
0,041 uM
0,04 uM
0,008 uM
0,009 uM
0,016 uM
11,2 uM
0,069 uM
0,11 uM

R1

H

SO,CH,
SO,NH,
SO,NHCH,
NHSO,CH,
NO,
COCF,

IC,, (COX-1)

0,97 uM
>100 uM
25,5 uM
>100 uM
>100 uM
1,75 pM
>100 uM

>100 uM
0,1 uM
0,041 uM
>100 uM
>100 uM
>100 pM
>100 uM

IC,, (COX-2)

Penning, TD et al. (1997) J. Med. Chem. 40: 1347-1365




. Metabolismo na Otimizacao de Farmacos

* Diaril-heterociclicos

o o — SC58125-t,,= 221h
\V

O O
\\5//\[ HZN/S\
bioisosterismo

N—N
\
N CF3
H;C
celecoxib
COX-2 seletivo
1S=460
\V/J
H,C” A
Z
/ O
Vioxx®
Merck, 1999

rofecoxib




= [etabolismo na Otimizacao de Farmacos

1 Diferencas Farmacoldgicas entre Celecogb e Rofecoxib

Fase |1
\\// \\S// \\S// """"""" > | conj.glicina
/
N HZN/ HZN/ \O
CYP450 CYP450
N—N N—N
) |
X
/Q/U\ \ N\ CF3
celecoxio G e » | éster de glicuronato
Fase Il

Inibidores do CYP450= afetam seu metabolismo (atraves isoforma CYP450 2C9)

Tlog P=atravessam barreira placentaria; biodisponibilidade n&o calculada=-solubilidade em H,O
Inflamagéo aguda=ED.,= 7,1 mg/Kg

Inflamagéo cronica=>ED, = O 37 mg/Kg

\/ \\//
‘s’ \\// \\S//
CYP450 c”
esterases
apenas 8% dos ’
metabolltos formadc
redutase esterases
(@) R
rofecoxib
Inibidores do CYP450=n&o0 afetam seu metabolismo diidro-rofecoxib
Tlog P=atravessam barreira placentaria; biodisponibilidade ~93% éster e éter de glicuronato

Inflamagéo aguda=ED.,= 1,5 mg/Kg
|¢ amacéo cronica=>ED.,= 0,7 mg/Kg

..................................
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Metaboltsmo 20 Desenno de Fatmacos

Oxidative
M-dealkylation
UFR] Aromatic Liabile
Hydroxylation f o,
Lahile M o jl .-’al_"-. o
[ <_ S—N N NoK
Nk L U J‘:z?_r'r ~
1 L]
e — “—\i—'\‘_\-—"
Region 1 Region 2 Region 3
Figure 1. Metabolic landscape of buspirane 1 as predicted by
CYP2A4 model {most labile sites shown).
Table 1. Region 1 and 2 SAR of the 3, 3-tetramethylencglutarmide containing analogues
. Hz_;._:'\_':'x
! i
Ry—N 1”_?-. M)_>‘\ ]
LI H1 _,::il"' r "
d
Compd R, R. R. R, 5-HT, . CYP 1A4
IC e (uM P 3,2 (min)"
1 H H H Py rmidine QA25 4.6
5 H H H 5-F Pynmidine {63 52.3
6 H H H p-F phenyl {106 3.2
7 H H H 2-Pyrazine I T 5.5
H H H H e Phenyl {53 21.1
4 Me H H Py rmidine {0 1.8
L1} e H H 5-F Pynmdine {0 80 14.%
11 H Ml Mle Fy rmidine .71 2.9
12 H H H a3 Me Phenyl iz 5.1
13 H H H Py rmidine
14 H 3H Mle Fy rmidine
15 H OH H 2-Pyrazine
[ H H H a3 Me Phenyl
17 H OH H p-F phenyl
1% Me H H p-F phenyl
1% H H H Fhenyl

ity at 3-HT,, receptors labeled with [*H|-4-0OH-DPAT.
® analysis of parent 1on fragmentation at cach time point, peak area reported normalized to inte
Tandon, M. et al. Bioorg. Med. Chem. Lett. (2




Metabolismo na Otimtzacao de Farmacos

- \__T NG M J\/\/:L COOH

i, idts DT H
Valprow Acid (VPA) 3-H3rﬁrc-x5r VPA 4—H3rdm:qr VPA  S-Hydroxy-VP&
» / \

e Te! 2
/:"tl\ COOH CO0H fa\cuun HOOC COOH

T- : clave 2623
UFR) valproato de
magnesio
solucion oral

2-pro utaric acid
3-keto-VPA, &-ene- VP 3-ene-VPA Aene-VPA Propyil
(raajor) -

100% A o - h‘
fou:
o~ FNFN Co0H b::[\
- CO0H
2 2,4-diene-VPA
- ~ 1 dmmm )| (toxic metabolite) 4-epoxy-VPA

(toxc metabolite)
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v, Metabolismo na Otimtzacao de Fart MACOS

UFR) e

5 0 |
5 __/-':/:LI:DUH \Q\ !
i CO0OH |

2,4-diene-VP A :
(toxic retsholite) 4-epoxy-VPA
(toxac raetabolite)
\/:>—<H \/:>_‘<\,,H2
VPA VFD
0 o o
"; { ; { CYP450 >_<
—
NH, MHCH, NHCH OH
TMCD MTMCD OH-MTMCD

Fiz. 1. Chenucal struchares of valproie acid (WPA), valpromude (VPDY., tetramethyloyelopropanecarbeoxamade (TMCOD), Nemethyl-tetra-
mathyloyvelopropanecarboxamide (MTBCD), and N-hydrosomesthyl-tetramethvleyvelopropanecarboxamude (OH-MMTIICD).

Isoherranen, N. et al. Epilepsy Research (2004) 58: 1-12
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& Metabolismo:Pro-Farmaco

Pro-Farmaco: Desprovido de atividade farmacolégica intrinseca. Termo cunhado por Albert em 1958 para
definir substancia com nenhuma ou pouca ativiadade farmacoldgica, sofrendo biotransformacéo a metabolitos ativos
terapéuticamente. Derivado de um farmaco conhecido, de propriedades fisico-quimicas melhoradas, aumentando a
biodisponibilidade do farmaco original, e que mediante processo enzimatico ou quimico €é transformado no farmaco
gue lhe deu origem, antes de atingir o seu local de acdo ou ainda no proprio local de acdo (Korolkovas & Burckhalter,
1988). O processo de obtencdo do pro-farmaco da-se o nome de latenciacdo de farmacos. Consiste essencialmente em
converter, mediante modificacdo quimica, um composto biologicamente ativo em forma de transporte inativa que, apos
ataque enzimatico ou quimico, liberara o farmaco ativo.

(verlaps SO NH,
Pharmaceutical objectives SONH, NH

improved solubilhity
improved chemical stability

* improved taste, odor =N K o

decreased irritation and pain - el
Pharmacokinetic objectives ] NH; NH;
improved oral absorpiion N Sulfanilamide

decreased presystemic metabolism : Prontosil, a fortuitous prodrug of sulfanilamide.
improved absorption by non-oral routes

improved time profile Design Ad hoc x Post hoc
organ/tissue-selective delivery ol active agent

Chemical Classification
o Carrier-linked prodrugs: where the active agent (the
drug) is linked o a carnier (also known as a promoicty),
and whose activation occurs by hydrolysis (esters,

ectives

Fharmacodvnamic ob

masking of a reactive agent (o improve its
therapeutic index

in site activation of a cytoloxic agen amides, imines. . ), oxidation or reduction (e.g. Pronto
sil in Fig. 1);
Fig. 9. List of objectives in prodmg rescarch and their overlaps. s Bioprecursors: which do not contain a promoiety yet are

activated by oxidation, redection or hydrolysis [12];
s Macromolecular prodrmgs: where the carer is a macro
maolecule such as a FEG (polyethyleneglyeol) [19]:
s Drug-antibody conjugates: where the carrer is an anti
body raised against tumor cells [1,20].

i°® B. TestafRiocheamical Pharmacology 68 (200L) 20072 16




& Metabolismo:Pro-Farmaco

U F RI Tahle 1

Sphhility and enzymatic lahility of amino acid denvatives of dapsone as water-zoluble prodmgs [26)

'i'il Soluhility at 25 °C {in mg fyp 8t 37C in human hlood
Hﬁ‘@*ﬁ @NHH dapsone equivalent/ml.) {in min = 5.0}
I [n water as HC' zalt In pH 7.4 phosphate buffer

Dapsone (R=H) 0.16 0.14
=15 0.87 146 = 0.9
R =
MH,
* (Glyeyl)

»30) 6.6 0.5+ 0.7
. CH,

(Alanyl)

O =25 .31 TENZ
R= J\(\‘/CH"
NH, CH.
3 *  (Leucyl)
O =5 =5 109 = 0.7
R= )‘I\(\/\/NI E

NH,
1.3 DR NES BEZL 0T
R=
MH,

B. TestafRiocheamical Pharmacology 68 (200L) 20072 16
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\[Gt bOthO'PI‘O F maco
= Metabolismo:F'ro-rarmac
UFE]
J\ mﬂHJ — —
HM o HN—COOH MNH.,
F
N = a co, N F
A\ | carboxylesterase )\ | 2 )\ |
0 M ] > o M spontaneous o M
o [liver) a -
HE-G H:fc H:G\d
HO' "oH HO' ‘oH HO' ‘oM
Capecitabine 5'-deoxy-5-fluorocytidine
{liver and cylidine
tumors) deaminase
NDC 0004-1100-20 D
= . F
XELODA?® E thymidine HN
(capecitabine) Tablets HIM phosphorylase |
150 mg E | . —
anly ':' N
6OTablefs 0 N {tumor)
__ H H G O
‘w
S-fluorouracil
HO' ‘OH
5'-deoxy-5-fluorouridine
Fig. 6. The stepwise activation of capecimbine to fhe antitumor drug 5-Auorouracil. Note the tissue-selectivity of the last step.
®
Nio B. Testa/Riochemical Pharmacology 68 (2004) 2007-2 106




& Metabolismo:Pro-Farmaco

UFR)
H, coocH, H, ,CcoOCH,
CYP 3A
(Ijqx/g Dm
S cl S cl
Clopidogrel 2-Oxo-clopidogrel
85% in
H.0] humans [H.0O] | spontaneous

H cooH H, .COOCH,

C
5
Cl HS Ci Inhibit CYP 2B6 (in human)

Active, unstable metabolite

Receptor

Fig.7. Majormetabolic reactions of clopidogre] in humans, Most of a dose is inactivated by hydrolysis, whereas a smaller part is activated by CYFP3 A to 2-oxo-
clopidogrel, followed by spontaneous hydrolytic ring opening to theactive agent, a highly reactive thiol metabolite which irreversibly antagonizes platelet ADF

recentom via a covalent 5=5 hridoe 137 1]

B. Testa/Riochemical Pharmacology 68 (2004) 2007-2 106




& Metabolismo:Pro-Farmaco

UFR)

NH, H

! |
N S N S

N
B — YT

— >
o O] O/ N / 2N

Otimizacao de i /-.\ @)

- ampicilina OH >
Pr0p”ed5_‘d?5_ (uso oral) o) H pivampicilina O/\O
farmacocinéticas | \—o

N _I/S }—é
N
v /_N\)< 0
0] o/ kY
H3C\ O
NH, > O/\
talampicilina 0
Valpromide acido valproico
CH, CHy ©

inibidor
GABA-Transaminase

(CH,)N-CO-0 HQ, o.
OH COH * O-R
— B
NH-G(CH,), NH-C{CH,), HN™
)\ MNH
o

(CH,),N-CO-0 HO :
Bambutercl Terbutaline
Hidrdlise via colinesterases
2000 vezes menos potente em inibir a acetilcolinesterase R=H:. Ro-64-0802

R = athyl: Osaltamivir
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Metabolismo:Pro-Farmaco

UFR)

i (R

[Gexanta (28,

1 L e

o) o) o) OH
o N—""N &Y N
H
I:I /\O\”/NHZ /\O\”/NHz
NH N
OH-melagatrano OH
etil-melagatrano \I“dmhse redugao
OH 0]

}L
ZT

N N
|:| H NH,

melagatrano NH

) ® Halperin, J. L. 3. Am. Coll. Cardiol. (2005) 45: 1-9
ASSBIO

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




& Metaboltsmo: Pro-Farmaco

UFR)

@)

CH?J\/O\"/\/\Q\ J/CI
O Estrad jol

clorambucn

MK-2210 l'

Cancer de mama

<

O

KNI-413 (inibidor HIV-protease)

é&:‘i‘@ SﬂV)A

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




& Metaboltsmo: Pro-Farmaco

UFR)

"Dro gue "
cytotoxique "Prodrogue"

Marqueurs (antigénes)
spécifiques
de la cellule tumorale

This anti-cancer therapy is designed as Antibody-Directed Abzyme Prodrug Therapy (ADAPT)

ot s e Sitane da Snbsncins Bincdimn


http://www.utc.fr/~friboule/page/referena.htm#applications

4 /
MetabohsmO' Pro-Farmaco
T r. [}
UFR] O  OH o
el
Rs X
o
+ Q7 NRR, doxorubicina R
4
Nitroredutase (E. coli)
insensivel a oxigénio
Hay, M. P. et al. Bioorg. Med. Chem. (2005) 13: 4043-4055 NO,
@)
\ / \ /[ cvpsa4eaco OH
‘ hidrolise ‘
(i SN O
Parecoxib NS N& Valdecoxib s—NH, O
o/\\ >/\ 07 2SN
CH, O o/\(\)
G BEXTRA



http://www.pjonline.com/Editorial/20020413/pictures/p493dynastat.jpg
http://www.bextra-class-action-lawsuit.com/bextra1.jpg

& Metabolismo: Pro-Farmaco

UFR)

ZH
SN @/
MeQ = H
ZH
5
/
“ HO
ZH
T N\\ @/_ ATPase-SH T N\\ @/—
| \ / Ohie - | >7 \ / Cikde
Meo - b Meo / N\\
CHs 5 CH;
ATPase—5
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Activation of Substituted
Benzimidazoles

OCH,

X

3
HN—" S0

CH,

L N ——— HJ\HH PO
Qg

OCF.H OCF,H OCF.H OCF,H

Pantoprazole Sulfenic acid Sulfenamide Inactivated
enzyme

Adapted with permiztion Fom Kromer W. Digesion 1995,56: 443454
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UFR)

Metabolismo: Pro-Farmaco

sulindae
{Clinori}®}
T1R2 = 7-8hes

reversible irreversiile

sulfide sulforns
ot metabolie inective roetabaolite
Tirt= 16.4 ks
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Metabolismo: Inducio e Inibicio Enzimatica

Induqao Enzimatica=>Aumento da quantidade e atividade de enzimas que metabolizam
xenobioticos, principalmente as # familias de CYP450. Resulta no diminui¢do do t1/2.
Classicamente a defini¢do de inducdo se refere a sintese de novo de novas moléculas de
enzimas envolvidas no metabolismo de xenobioticos e resulta do aumenta da transcripgao de
genes que codificam estas enzimas, apds um estimulo quimico apropriado.

HISTORICO
H
0 N O
\f HS0 CTONICO l Efeitos anticonvulsivantes e sedativos
o 1962
fenobarbital

Inibicado Enzimatica=>Diminuicio da atividade catalitica de enzimas que metabolizam
xenobidticos, principalmente as # familias de CYP450. Resulta no au
considerada como mecanismo de regulacao pds-translacional de regul

MECANISMOS DE INIBICAO: Competicdo de # substratos

suicidas ; Inibidores alostéricos

Aaabuins Bnsdivon




& INTERAGAO MEDICAMENTOSA

Interacdes Beneficas (atenuar efeitos colaterais)
mm) |nteracdes Insignificantes
mm) |nteracoes Deletérias

v¢ Polifarmacia & Medicamentos de maltiplo principio ativo

EUA —Paciente hospitalizado recebe em média 14 medicamentos

ANVISA— ca. 50.000 especialidades farmacéuticas—
medicamentos de principios ativos multiplos, i.e. mais de um farmaco em
sua composicao
mmmp Objetivos da Associacdo Medicamentosa
*Potencializar os efeitos terap€uticos
*Diminuicao de efeitos colaterais
*Diminui¢do de doses terapé€uticas
*Prevencao de Resisténcia

mm) |nteracgbes Fisico-Quimicas X Farmacodinamica
X Farmacocinética




INTERAGAO MEDICAMENTOSA

mlnria b iz

InteracOes Fisico-Quimicas=> onde duas ou mais substancias reagem
Entre si, por mecanismos puramente fisicos ou quimicos. 1. Vitamina C na anemia
ferropriva— Manter o Ferro no estado ferroso ao nivel intestinal; 2. Derivados
Tetraciclinicos com Leite; 3. carvao ativo x alcaloides (adesdo a superficie
porosa). Carvao ativo usado na desintoxicacao por adm oral. (proc. de adsorcéao)

Farmacodinamica=> Os efeitos finais sdo resultantes das acdes

farmacodinamicas proprias dos agentes concorrentes. Podem resultar em: adicéao,
somacdo ou potencializacdo e antagonismo. 1. canamicina (antibiotico da familia dos
aminoglicosideos) com acido etacrinico (aumento de toxicidade) possibilidade de surdez
irreversivel); 2. Psicolépticos com Etanol (potencializa¢ao do efeito depressor do SNC)

Farmacocinética=> Um dos agentes é capaz de modificar a absorcao,
distribuicdo, biotransformacdo ou a excrecdo de outro agente administrado
concomitantemente

eSiskadaabrincin Iniims
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UFR)

CAENTOSROTENCLALIZACHO DO BRETO TERAPIICO

Controle da Pressao Arterial (RA)
|
Rendimento cardiaco Fluxo sanguineo=Pressao/Resisténcia

Frequéncia Cardiaca
Forca de Contracao

(+) *)

Débito cardiaco (5L/min)

Controle do Sistema Controle do Sistema
Simpatico Simpatico
Baroceptores Baroceptores

t Controle Renal
Anti-hipertensivos t Controle Hormonal
Anti-hipertensivos Anti-hipertensivos
Tipos de Hipertens&o: Sistema Rer_lina-
Endécrina ou hormonal Angiotensina
Neurogénica

Renal
Hipertensao essencial (>90%o)




- =

IERACHOMEDCAENTOSH ROTENCALZACHO DO FER) TRAAI

IFR ;.- . . . .
Caracteristicas Ideais para Anti-Hipertensivos
Ativo adm. oral
t,,, adequado

Ser eficaz em todos os tipos de hipertenséao

Baixo indice de efeitos adversos
Auséncia de efeitos toxicologicos a longo prazo

Custo acessivel

Classes de Agentes Anti-Hipertensivos
Antagonistas a,-adrenérgicos (prazosin)
Antagonistas B,-adrenergicos (propranolol)
Agonistas a,-adrenérgicos (clonidina)
Blogueadores de canais de calcio (verapamil)
Inibidores da ECA (captopril)

Antagonistas de receptores da angiotensina |1
(losartan)
Diuréticos (hidroclorotiazida)

ot s e Sitane da Snbsncins Bincdimn



UFR)

2 IVERACAO NEDICAENTOSH DOANUCAODE IO OLATERAS

l'::i ! pyvrimidine H U"ll
I . | | H
HN \‘\C"ff‘}H:il U } /
z! | H A complementary o &1,
0% W . o pyrimidine i & _
phosphate —0 “—I-Llffur-:

Jurine g &
o1 H
H i H [.:l.-'
A JH
3' carbon H !

H
!
H
compleme rnl.:aur:!.l-> \w//ih,

Thymidine 23F - irine = n == ® Pyrimidine
o bR oW |::=|Ln
/I:| { Nt H l::u-ll

e N b H }H H

/4 Il . ) Y ;/cf

o7 ‘\.N,/CH - r::lmplementar{: \‘\n ;I;'i.lih

phosphat _D“‘CHQ % pyrimidine="""" ol . 0
0 =P-0

5'carbonféfﬁ/ 5 | P |
| —!.J:'(| ol H Jer
/s - WAy
owen® L n oot~

Zidovudine (AZT) RNA ALY DNA n:i_.n

é ; ) strand ¢ o strand
io

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




DICAENTOSY DOMDNUICAD DE EFETTOSCOLKTERA

ZT
’
’
{
|
I

N '

X N OH OH CRAME o of
| \\/ : QE_ ‘}h |

e

O

. ~C(CHz)s O -y
N .
H

indinavir

HIV envelope — g ” .
proteins '-

T

K
viral recellfz.:—:—ﬁ’/
/ i

y

\ ntmmlm J

.I\"‘\‘ s e ‘
HUMAN CELL T 1
ey [;lq
=

L Virus maturation
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ITERACAONEDICENTCS DOVEUICA D FBTON CLATERAS

TERAPIA

ANTIRETROVIRAL

reacOes de hipersensibilidade lipodistrofia
Farmacos Efeitos Adversos
Zidovudine nauseas, dor de cabeca, pigmentacéo das unhas
Didanosine nauseas, diarréia

Zalcitabine Ulcera bucal

Efavirenz estimulacao do SNC

Saquinavir nauseas e diarréia

Ritonavir nauseas, diarréia, “paraesthesiae perioral and flushing”
Indinavir calculo renal, hiperbilirubinemia, anemia hemolitica, etc.

Nelfinavir nauseas e diarréia
Amprenavir hipersensibilidade, “paraesthesiae perioral *“, CYP450 DI

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




INTERACAO NEDICAMENTOSH DIVNICAC DR EFETOS COLATERA

Some Antiretrovirals May Induce
and Inhibit CYP430

Induction Inhibition
Nelfinavir glucuronyl CYP3A, 2B6
transferase
Ritonavir CYP1A2, CYP3A, 2Ds,
glucuronyl 2C9 2C19,
fransferase Z2B6
Efavirenz CYP3A4 CYP3A, 2B6




INTERACAO MEDICA

Anel B-lactamico

H

N =

l|I

S

Penicilina G 3
/ —OH

@)
NH,
H H
NG § s
_l\><CH3
° N~ ek
—OH
Ampicilina O/

(estavel em pH acido)
(sensivel a B-lactamases)

INTOSA/ PREVENCAO DR RESISTENCIA

H Anel tiazolidinico

@) CHs
@) N \)(
- CH3

o)
—yf\/OH
N -
o —OH
or

Acido Clavulanico

(Streptomycis clavuligerus, 1975)
NH, H
ly o
G S
| CHs,
O /_N\><CH
HO O/ s 3
i—OH

Amoxicilina
O

(estavel em pH acido)

(sensivel a B- Iactamaseiz;1
OKltlllna DaUUr 500 m :f
t,,= 80 min; boa biodisponibilidade oral; uso or@kugaﬁrpén




JPA, vasodilatacio,
Tsecrecao de saliva,
Secrecgao intestinais,
Motilidade GI, miose
INTOXICACAO:

Diarréia, sudorece, miose, Acetilcolina

Pilocarpina| (+)

Nauseas, incon. Urinaria

=)

Interagéo nos receptores colinérgicos

DESINTOXICAQAO:
Farmacos anticolinesterases e
Antagonistas de receptores da AChE

= =
Receptores muscarinicos
Acetil Colinesterase
A . \
irreversivel IlInseticidas | (') Atropma
reversivel INeostigmina (+) Escopolaming | Antago-
o Hiosciamina e
1r Pralidoxima TR
Homatropina

ot s e Sitane da Snbsncins Bincdimn




Agonistas & Antagonistas Colinérgicos

Pre-synaptic cell

esynthesis of acetylcholine
(ACh) from acetyl CoA and
choline

synapse

sstorage of ACh in synaptic
vesicles

Acetate
+ choline L

*release of ACh ( fusion of
synaptic vesicle with
presysnaptic membrane and
release of ACh into the
synapse)

eaction of ACh by binding to
and activating receptors
(nicotinic in autonmic ganglia
and NMJ and muscarinic in
many sites)

sinactivation by enzymatic
breakdown of ACh by
Post-synaptic cell acetylcholinesterase (AChE)
(neuron or neuroeffector) located in the synapse

www.muhealth.org/~pharm204/ PNS1.jpg




% Adonistas Colinérgicos

AChE 3D

Receptores Muscarinicos (M1-M5)

HsC.. O .-
T ’ \N+(CH3)3 T (|:H3
S>H T Y07 g CH,

HO" muscarina AChE
pKa alquilamina 32
IPA, vasodilatagdo, >>>> | S h X
Tsecregdo de saliva, M pKaN-metilpirrolidina
Secrecgao intestinais, nicotina

Motilidade GI, miose

Receptores Nicotinicos
nicotina >> AChE >>>>>> muscarina

@)
J\ cl pKa alquilamina 32 X pKa N-metilimidazol
@)

carbacol o) )
oy e
X . H.C " .
3 N ..

pilocarpina

\

HO muscarina




- o) OH 5 Datura stramonium
3 .
N atropina escopolamina
0
(Lomot11®)
HSC\(CI—b
g__x‘ _OH O HC~
; |
homatropma : NH, \(
(Tropinal®) O 3
Atropa belladonna hiosciamina o _
Datura stramonium - o - Iodeto de isopropantida
’ (Descon API®)
Acoes antiespamaédicas, NN CHa _
midriase (dilatagao das pupilas), HaC CHy B
Taquicardia ( em altas doses), etc O O HsC
/ (@)
i ; ® L
io

propantelina (Ansilive®)



isideres o Aeatleolinesterase

-
gt )
oo~
Acetylcholine bound to the active site of The the bond between the choline (left side) and acetate part
acetylcholinesterase. This is the enzyme-substrate (right side) of the molecule has been split. Choline and acetate
(ES) complex will leave the enzyme and it will be ready to accept another
acetylcholine molecule
o CHa 0 Clly
I Hz Hp | + || Chaline
%C—C—O—C—C—T—CHS + H;O Hyl—{—5—C(oA + HRE—H-*—{‘.HE—EIIE—DII Mm)
acetylcholine CHg Acelvl-CoA )
. ALeLyL - od 3
l Acetylcholinesterase
CHy 0
° T I I
HeC—C—0" + HO—C— C_T CHy + H' HyC—N-"—CH;—(H—0—t—CHy
acetate chaoline CHy CHy Acetycholine
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Interagdo nos receptores colinergicos

Pilocarpina (+)

Acetilcolina

Receptores muscarinicos /

Acetil Colinesterase

I Inseticidas k) Atropina
Neostigmina (+) Escopolamina
1rPralidoxima| —— Hiosciam gas
Homatropina

ot s e Sitane da Snbsncins Bincdimn



ﬂﬂﬁ@l{f”ﬂﬁ@@ ga Acetlcoling (AChE

N
H *-o-"o @, S

N
C
oo EHZ HL . Ithcl-l: O~ E
3"‘*0'“00H =0 5, §¢
|I —-
CH 2 Ny g o
E reyme-Intermediate cormplex
E Substrate C
nzyme-Substrate Complex N_;'«\

N
Gerad

HO.
- CIII—CH3 o Ho |I:!|
i‘i Y 0 HECHH? .H _OH
o 2

Acylated Erzyme Regenerated Ergyme




Hidrélise da Acetilcolina (ACHE)

IFR

+ Pralidoxirme
{(drug therapy)

]
s iy N -
—_— o Gerziy
LJ N
':Qﬁ-l}n
W,
Gy

P e

1
Regenerated Ergyme

"Aged” Enzyme
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Interagdo nos receptores colinergicos

Pilocarpina (+)

Acetilcolina

Receptores muscarinicos /

Acetil Colinesterase

I Inseticidas k) Atropina
Neostigmina (+) Escopolamina
1t Pralidoxima —— Hiosciam gas
Homatropina
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Tg z Manifestacdes clinicas de Intoxicacdo Aguda por
Anticolinérgicos

eDisturbios cutaneo-mucosos: pele quente, seca e ruborizada, com erupcdes
eritematosas ou escarlatiniformes. Secura das mucosas.

eDisturbios oculares: pupilas dilatadas n&o reagentes, visdo embacada,
fotofobia, paralisia da acomodacao, aumento da pressao intra-ocular

eDisturbios cardiocirculatorios: taquicardia, anormalidades no
eletrocardiograma, hipertenséao arterial

eDisturbios digestivos: dificuldade de degluticdo, ruidos abdominais
diminuidos, constipacéo. Boca, labios e lingua secas. Sede intensa

eDisturbios periféricos / Sistema nervoso central: agitacdo, inquietude,
hiperreflexia, incoordenacdo muscular, ataxia, distdrbios de fala,
desorientacdo, confusdo mental e alucnacdes geralmente visuais, vivas e
coloridas.

eQOutras manifestacbes: hipertermia, retencdo urinaria (desejo, mas
incapacidade de urinar), diminuicdo das secrecdes salivar, gastrica e
sudoripara.

eEm pacientes pediatricos: facies caracteristico, com rubor da face e midriase
bilateral e expressao desorientada. Hipertermia, grande agitacao psicomotora e
comportamento bizarro. Choro e risos alternados, linguagem incompreensivel,

é; 1® desconexa, além de agressividade.
8
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Fisostigmina
(inib. AchE)

Chs
o) OH

@)
Atropina (antag)

eelilcolinestarase

+
N (CHs)s
@ O
)J\ CH
0 ||\|/ ’
neostigmina %
_ o _
N+
Ej\ O
= )J\ CH
@) ITI/ ’
i CH;
piridostigmina
J(L
H;C7| 07
AChE

é ; o (anticolinergico; Lomotil®; Atrosedina®)
io

Br




#  Inferacdo nos receptores adrenérgicos

UFR)
53':::“:0: «l-Fenilofrinn
u 1 E
Fenoterol Adrenal P 1-Dobhutamina
Noradrenalina

Y e Y o Vo W S
F N . e =

~

MNonoAminoOxidase

- Antidepressivos ‘

« - Prasozina
B - Propranolol
Inibidores da MAO e TCA (inibem recaptacao de Timolol
noradrenalina)= episodios hiperpiréticos, convulsoes,
Crises hipertensivas e morte Atenolol

Metoprolol
é&:‘i‘@
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#  Agonistas & Antagonistas Adrenérgicos

Pre-synaptic cell

ost-ganglionic fiber) ssynthesis of norepinephrine

o (NE - not pictured)

- sstorage of NE in vesicles
Pre-synaptic

a2 receptor release of NE: fusion of
synaptic vesicles with
presysnaptic membrane and
release of NE into the

synapse

eaction of NE through binding
to and activating receptors (o,
presynaptic and o and 3 post
synaptic)

e*inactivation by presynaptic
re-uptake transporters (also
presynaptic receptors shut off
further NE release

Re-uptake
trans porter

Neurotransmitter
(NE, DA, 5HT)

Post-synaptic cell

www.muhealth.org/~pharm204/ PNS1.jpg (neuron or neuroeffector)




rg Interacoes Mecdicamentosas
Craves

Propranolol+haloperidol=hipotensao
Penicilina+Cloranfenicol=antagonismo
Varfarina+AAS=hipocoagulabilidade
Estreptomicina+acidoetacrinico
=ototoxicidade

ot s e Sitane da Snbsncins Bincdimn
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/

Esdfago

Absorgiio

Tempo de

esvaziamento V.el de .

gdstrico dissolugio
Duodeno

f  11100% !
Desloc ! i

 ——— ! !

‘ Ligada : !
- r14% |

Desloc i ;

—_— oo i

Droga fracamente ligada ( TV)
&m SSBio”

Absorgcdo— reduzida por drogas \
que diminuem motilidade Gl (e.g:

atropina, opiaceos); Farmacos
Basicos e Acidos com Anti-acidos.

Ligagdes Proteicas
Ligagdes Tecidos

B I [ - Nivel Toxico

.-......Nivel Efetivo

tvd—Tdistribuicéo tecidual

Eliminagéo

Complexo
Droga-Proteina

Agdo Biotransformagio
Eliminagao




Q O O Znpo
0
& I eea mmtose: rieneléiles
UFR)
Table 4 Drugs that are highly protein bound (>95%),
Drug Protein Bound (%)
Amitri ptyline 96
Chlorpromazine 906
Clofibrate o5
Diazepam =
Dicloxacillin 96
Diphenhydramine o8
Furosemide 99
Glyburide 95
|buprofen a9
Imipramine 96
Indomethacin a7
Ketoconazole 99
Mebendazole a5
MNaproxen 99
MNifedipine o8
MNortriptyline a5
Oxazepam 96
Phenytoin* go.a3  Agentes deslocadores:
Thyroxine ag fenilbutazona, aspirina,
Valproic acid® an paracetamol, dicumarol
Warfarin 09.5
* Narrow therapeutic window.
é i i ® Manzi, S. F. et al. Clin. Ped. Emerg. Med. (2005) 6: 93-102
o




UFR] Ligagdes Proteicas
O @) Ligac¢des Tecidos
CH, Warfarin 3mg \_
| Tab|EtS = Deposito
B TARD

varfarina

Nivel Toxico

edennnnnnnnrnnnnnnnnslaeennsNive] Efetivo

tvd—Tdistribuicéo tecidual

Eliminagéo

Complexo
Droga-Proteina

|

Droga 4‘» Protema

Livre

VN

Agdo Biotransformagio
Eliminagao

Acido acetil salisilico




o MsTeAmeORnSe: Frmaeacme

¥ a

Indutores Enzimaticos
Clase terapéutica  Farmacos
Hipnoticos Etanol, Glutetimida
Anticonvulsivantes Fenobarbital, Fenitoina
Ansioliticos Clordiazepoxido, Meprobamato
Antipsicoticos Clorpromazina
Antiinflamatorios  Fenilbutazona, Corticosteroides
Antiasmaticos Teofilina

Inibidores Enzimaticos

Clase terapéutica Farmacos

Antibioticos Cloranfenicol, Tetraciclinas
Antiparasitarios Metronidazol, Fluconazol
Antidepressivos  Fluoxetina, sertraline, etc
Ansioliticos Diltiazem

Anti-Ulceras Omeprazola, Cimetidina
Antiasmaticos Zafirlucast

éﬁ&s Antimalérico Quinidina
Bi
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UFR)

Tt e Fasesi

Table 5§ Cytochrome P450 substrates, inducers, and inhibitors.

)74

[

142 209 219 206 ZE1 JA3 4
Substrates
#yoatarminophen Sumitri phydi ne Symibri phy line #ymitri phy line Aoataminoplen #Alfentanil Lidocnine
HAunitri phydine Calacoxib Cari soprodol HAar phataming Banz ana Al praz olam Loratading
Caffains Diclofenac Citalopram Somoxetine Caffeine Amiodarons Lowvastatin
Clomi praminsa Fluoxetine O omipramiing Carvadilol Chlorzoxazons Amitriptyline (Mot pravastatin
Clozapine Flwrisi profen Cyelophos Chlomphaniramine Dapsons Humbofipi nes Methadons
phamide
Cyelobanzaprine Flhrvastatin Ot azepam Chlorpromazineg Dextromath omphan Atorvastatin Midazolam
Estradiol Glipizida Flsoxatine O i am ineg Ethaaruasl Biroamatee ripdi na Metaz odans
Flurvos amine Glyburida Imipramine Clozapine Enfl wrana Budesonide Wi cardi pine
Haloperidol Ibanprodan Indom ethacin Codeins Halothane Bupropion i i o
Imiperaumi e Irsesartan Lans oprazole Dres ipraming lsofl wrana Blues pir o Mi mosdipi na
Mexil ating Losartan Malfinavir Deatromethomphan lsoniazid Caffaine O meprazols
Maproxen Magronen Omeprazola Eneainidia Savoflurans Caleiwm O ndans atron
channe! booens
O ancea pi na Phenytoin Pantoprazole Flecainide Theophylline Carbamazeping Paditaxal
Oindianes stron Firoxicam Phenytoin Fluoxating Wanlafaxine Cisaprida Parometing
Pentazocing Aosglitar one Primi diona Flurvomami na Clomipraming Fimozida
Proprancdol Sultamethozazole Prog esterons Haloperidaol Clonazepam Progestrons
Ropivacaing Tamoxifen Prosgy weanil Il i ettt ot Proteass inhibitors
Tacrine Torsamide Prop ranol ol Lichos:aai ot Codaina Quatiapine
Theaop hodline Tl beutaurm iches T peivsi b Meth adona Coynod desapetieri i O il o
TChAs S-Warfarin® TChAs Matoo opramida Drapsona Chusinine
Warapamil A-Warfarin® Matoprodol Daxamethasons Fifa butin
A-Warfarin® Maxilatineg Draxtromathor phan Rifampin
Zileuton Mo triptydine Dri e pam Hitonavir
Zolmitriptan Olanzapineg Criiazem Salmetarol
Onedansatron D sopyramide Saguinavir
Ohyroodonsa Dromyreyeline Sartraline
Parometing Ergotamine Sil dhenaail
Parphanazing Erythromycin Simvastatin
Propafenons Ethin estradiol Taorolimus
Properanod ol Ethosuximide Tamoxifen
Pl sspeieri s Etposide Theophyliine

y ®

Manzi, S. F. et al

. Clin. Ped. Emerg. Med. (2005) 6: 93-102
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Table 3 oontinwed

B

i

OBt A SRR TACOE

174

5

1A

Inhibitors
Furmited anoaa
Cimatidina
Ciprofloxacin
Clarthremyein
Erythrommycin
Fluoxetins
Flunvomam ine
Gatifloxadn
Girapeiruit juice
intedferon
Levofloxacin
Maxiletins
Ofloxacin
Mefarodons
Ticlogidine

Furriosda o

i matidina

O opidodgral
Fluconaz ola
Flsoxetine
Flurvastatin
Flrvozamine
lsoniazid
Lovastatin
Matronidazole
Faronetine
Fhenylbutazons
Frobenecid
Ritomavir
Sartraline
Sultamethosarola-
trimop rim

Teni posi da
FZafidukast

2019

Cimatidina
Fad bamate
Flusoxatina
Flurvoxamine
indomethacin
Ketooonazole
Lansoprazole
O per ol &
Paroxetine

i bonanviir

Tiicd e s
Topiramata

206
Sartraline
Tamoxifen
Thi aridazine
Timodol
Tramadaol
Trazodone
TChAs
Wanlafaxins

Amigdarons
Buypropion
Calecowxilb

Chll erosguiines

Chll prphvemiraming
Chll grpromazi ne
i matidins

Cital opram

i emastine

i camiipr amine
Cocains

O phenthyedr amine
Diox orulsiciin
Escitalopram
Flusomating
Haloperidol

Hydinocyz ing
Irelliriaavir
Mathadons
Matod opramids

2E1

Disulfiram
M athy lpyrazols

A3
Fantany
Finasteride
Fluconazole
Fluoxedine
Halopeeri dol
Ifosfamide

| i g
Irudliinsvir

| o st oty
ltraconazole
Hetoconazole
Lansoprazols

S ioeda g
Cimatidina
Ciprofloxaan
Clari thrommyan
Diltiazem
Erythromyzin
Fluconazole
Fluoxetine
Fluvoxamina
Grapefruit juice
ltraconazole
Hetoconazole
Mefarodons

i feedi piing
Omeprazola
Prropeoacy plvang

Protease inhibitors
Wearapamil

Trazodons
Triazolam
TChAs
Wenlafaxine
‘arapamil
Winm alkaloids
‘Warfarin
Zolpidem

®
io

Manzi, S. F. et al. Clin. Ped. Emerg. Med. (2005) 6: 93-102
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Table 5 continwed
1AZ2 2Ca G119 206 ZE1 3A3M

Parox etine
Frar phanuzi ne

Proposxypleens

Chimvidliing

R tidiing

Ribonair

Sartralineg

Toar binafi na

Tihioeri dheri o

Tiicbopidine

Inducers

Brocooli Carbamaz apine Coarlbasmaz apins Fregnancy Chronic ethanol Carbamazaping
Brussal sprouls Ethamol Morethindromne lsaniazid Chece cam e then s onss
Carbamazeping Phaneobear bital Pradnisons Ribomaavir Efavirenz
Charbroiled food Phemytoin Rifampin Tobacoo Griseofulvin
Cigarette smoks Prrirmidhorg Iairwiiraa i s
Modia finil Rifabutin Fhaemnobarbital
Maficillin Rifampin Fhenytoin
Omeprazole Sacobarbital Pradn isone
Pheanobardbital Aifabutin
Plenytoin ik pin
Rifampin Ribosrian ir
Ritomavir St John's wort
Tobaoco Sulfi npyr amoane

Troglitazons

Drata from hittp'medicine.iwpui. eduSloc Rharttabl e htrm; (19 Shannon M. Pediatr Emerg Care 199713050350 -3; Takatomo CK, Hodding JH, Kraues DM, Pediatric Dos
Handbook. 10th ad. Cleveland: Lexicomp Inc, 200G - 2004,
* S-Warfarin isomer has 2 to 5 times more anticoagulant activity than R-warfarin isomer. Therefors, 209 inkeractions

Manzi, S. F. et al. Clin. Ped. Emerg. Med. (2005) 6: 93-102

®
io
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1soniazida Rifampicina

: A

fenobarbital carbamazepina

fenitoina
&ssoio‘@ auto-indutores
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UFR)

fluconazol

TpH gastrico>450% da absorcdo cetoconazol
(absorcéo ideal em pH<3,5)

o)
" SNVAR

>—N NA@*O}OJ@\

H3C — H Cl

cetoconazol

T
Nizoral’
BRSO

i T T B (e

5 compriminos

%; Quinidina ([ IT, SCV) & memicn |
o
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$lnibidores Enzimaticos

"A representation of with bound camphor.
The enlarged active site region shows the
camphor substrate, haem moiety and
cysteine residue which forms the distal
haem ligand. In the representation of the
full enzyme the protein backbone is shown
in green, the haem moiety in blue and the
substrate is coloured according to atomic
species. Oxygen atoms are shown in red,
carbon in grey, nitrogen in light blue,
sulphur in yellow and iron in dark
blue."-

éa&s.i. J i | www.pharmacology2000.com/
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[

= OH
CH,
O
,-._lj_s_ﬂ[r
CYP450
norethisterone y
£ OH .
nz
HsC Oe
He §H 3
O 3 q
<
@)

O

O’Neal Johnston, J. et al., Steroids (1991) 56: 180-184




CYP3A4 Erythromycin A

cloranfenicol

OH IT Cl
N
| Cl
@)
OH

midazolam

CYP3A4

CYPys

m ol

a-cloridrina

m@

@)

}"CHs

O JRiltiazem

3




g

"The active site of substrate-free cytochrome p450:Note the water
molecule (which can be seen as a single oxygen atom) that forms the
sixth axial ligand of the haem iron. Oxygen atoms are shown in red,
nitrogen in light blue, sulphur in yellow and iron in dark blue. Carbon
atoms are shown in grey as bonds only and hydrogens have been omitted
from this figure for clarity."
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UFR)

/4]

TAIIEDS

ey Mmoo o

|
N\"/CH 3
/©/ O isoniazida; fenobarbital
HO

induzida por:
overdose; alcool;

acetaminofeno
(TylenolR, 1949)

sulfatacéo
Glicuronidagéo CYP4501A2 o .
ca. 5-15% CYP450 2E1
'i' y
N CHs N CHj
Z -
\"/ \"/ acelerada pelo alcool
H O O
HO4SO | 0Z N
N CH, iminoquinona
ou \"/ metabdlito ativo
O :
GlicO Glic=glicuronideo :
metab6litos inativos \ auséncia/ou deficiencia j
i de Glutationa
\
necrose celular
H necrose hepatica
I
N\"/CHg
@)
HO SG=glutationa Tratamento em situagOes de intoxicagao:
SG adm. iv. de N-acetilcisteina.
metabolito inativo




& T e s g

UFR)

@) COOH
\/
CH,
H3C\
N—cH;  HsC
\72% 3 Vﬂﬁf :
HO
o) CHj
) Cl 4cido etacrinico
Edecrin®

LDg, =175 mg/kg
Tagranulomtose neutropenia

CYP3A4 Erythromycin A
Trisco de ototoxicidade

ot s e Sitane da Snbsncins Bincdimn



Amitriptilina apo6s Etanol

mitriptilina s/ Etanol

.
™

tempo

Tratamento do alcoolismo

et CH; S
. ¢ UL [
- --"_ & ™ - N S
. I'.|II_ ch) dissulfiram S CHs
L : I
(Antabuse®) - roversivel (-) T g
CH3;CH,OH LAD @ L,D> CH3CO,Hi
desidrogenases aldeido E
hepaticas desidrogenase

%; 1® “sindrome do acetaldeido”
°

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




2

J/4a1E]

et Alcammstmsee ioss ETdmeiens

H Inibidores da aldeido desidrogenase: dissulfiram, Dimetilformamida

(seu metabolito a N-metilnormamida ¢ inibidor desta enzima) ;
Isotretinoina (anti-acne) e antibacterianos como: cefamandol, isoniazida,

L N CH, sulfametazol, (inibem face a sua cadeia lateral N-metil-tretrazoiltiol) etc;
\&}/ antifingicos: cetoconazol e griseofulvina. Antiparasitario:
N metronidazol= logo todos podem causar intolerancia ao etanol em
H decorréncia de acumulo de acetaldeido no organismo, provocando
reacdo do tipo dissulfiram como: rubor facial, taquicardia, nauseas,
PN sudorese, cefaléia,dificuldade respiratoria, hipotenséo
HsC OH

Inibidores da &alcool desidrogenase eg. Fomepizol (4-metilpirazol): Util??

*SIM.Usado na intoxicagdo por metanol e etilenoglicol

alcool o) 1 ?
: aldeido
desidrogenase )j\ desidrogenase )J\
CH30H > 4 > H

H OH
alcool 0 o
desidrogenase aldeido
Ho/ \OH desidrogenase
HO H —— 1o OH
etilenoglicol glicoaldeido glicolato

HO Ogi H Ogt
<
0 OH o OH

' ®
éﬁKSS‘io oxalato glicoxilato

Labavatariath ncliacim oSintare d Sakskdcios Bncdiao




alcool

. 0 .
desidrogenase q q}ldeldo Q9
7N\ esidrogenase
HO OH —> o H 8
— > HO OH
etilenoglicol glicoaldeido glicolato

Ho Ho P
}—/Z - H
0 OH O OH
oxalato glicoxilato

O glicolato e o glicoxilato produzem uma perigosa acidose metabdlica e o oxalato
remove calcio da corrente sanguinea, resultando na deposicdo de oxalato de calcio

insolUvel no rim, figado, vasos sanguineos, cérebro e pericardio, lesionando estes
tecidos




& Inididores Enzimaticos

C(CHy) FDA—Proscrito, USA?

N 1T
O OH Rare, but serious
oh heart problems
O Seldane®
N

Terfenadine
Anti-histaminico ndo-sedativo

N N

N SN
O H3C>; /

HaC CH, e
cetoconazol \
OH L TR,
HC. CHs N
N_CH3
. 0. HO—=
[«’ 0 CHs
CH,
O o) OCH;
ILOSONE" ..,
Eireae i wia OH

D i Eryth romycrﬁ'ﬂ




O® FDA—Proscrito, USA?

17

Y@
OH Rare, but serious

OH :
Q  Terfenadine s heart problems
Anti-histaminico ndo-sedativo enzimaticos

+ 1nibidores

Seldane®
Repolarization potassium
CYP3A4 current blocker
9 PO
N
OH ‘ OH

OH
Fexofenadine
Anti-histaminico 1IT

CYP 3 A4 Allegra®
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& it et e oifien

Pravastatina, alternativa?

H5C CH,
O OH OH

Vi N/\/k/k/COOH

-
" ~
F :

1 0 OCH,
c eTto.rvastatma \/ 3
}) Inibidor da CYP 3A4 e

Cl

4

) Pro-Farmaco S
viaCYP3A4 clopidogrel

Metabdlito ativo
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a0 Wil FmmusElen

Vioxx®, alternativa?
Inibidor da
O
/
CELEBREX '/S/ CYP450 2D6 T— ‘
gomd TN | p-:_--'. ..H'.r']'-'z;';
s S 2 W —~ e YCHg
CH
e H3CO metoprolol
3 Tconc. Bradicardia sintoméatica
Metabolizado pela
CYP450 2C9

fluconazol




2
UFR)

CYP3A4

Active metabolite

—
H CHE
M N ",
- ™ N
'Y
)
=N 0 - CH,SO_H

mesilato de Imatinib
inhibitor of a number of tyrosine kinase enzymes.

chronic myelogenous leukemia (CML),
gastrointestinal stromal tumors (GISTSs) and a
number of other malignancies

Table 4

trazslocation

Efft
nutogéne

it is generally very well tolerated (eg. liver toxicity was much
less than predicted). Broadly, side effects such as edema,
nausea, rash and musculoskeletal pain are common but mild.

Drmazs with the potantial to influence the plasma concentrations of 1matiib

[34]

CYP3A mhibators; hikely
to mcrease mnatimb levels

CYPIA mducers; hkely

to decrease mahmb levels

Erythrontyem
Clarythromyyein
[fraconazols
Fetoconazole

Carbamazspine
Pherrviom
Phenchbarbatal
Dexamethasone
Rifampine

St. John's Wort

The half-lives of imatinib and its main metabolite are 18 and 40 hours, respectively.

i.® Pharmacol Rev 2003;55:401-423
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Withdrawal symptoms, including
nightmares, tremor, dizziness,
insomnia, myalgias, and a "flu-

like" syndrome have been
reported with abrupt
discontinuation of paroxetine

Fig 1. Pattern of bictransformation of tramadol. Tramadol and O-desmethyltramadol (M1) are

( 12,14
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actively analgesic.

Laugesen, S. et al. Clin. Pharmacol. Ther. (2005) 77: 312-23
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A sufficient accumulation of metoprolol can lead to profound
hypotension as a result of reduced cardiac output due to the

chronotropic (i.e., decreased heart) and ionotrophic (i.e., decreased
stroke volume) effects of blockade of beta adrenergic receptors
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At higher concentrations, paroxetine is most
likely dependent on CYP 3A mediated
Due to inhibition of the conversion of codeine to biotransformation for its elimination. 15,16 CYP
morphine, the patient should have less than optimal pain 3A is substantially inhibited by erythromycin
control. This could be construed correctly as lack of under usual dosing conditions.17-19 The
efficacy on the part of codeine inhibition of CYP 3A by erythromycin should
produce an increased accumulation of
paroxetine, which in turn would produce more
inhibition of CYP 2D6, which in turn would lead to
less conversion of codeine to morphine and more
accumulation of metoprolol

clearance
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Fig 1. Incidence of concomitant use of CYP2C9 inhibitors with losartan (a) and CYP2D6 inhibitors

with codeine (open barr) and tramadol {(sofid bars) (b).

Tirkkonen, T. et al. Clin. Pharmacol. Ther. (2004) 76: 639-647
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Three-step metabolic conversion of capecitabine te fluereuracl {FU), Capecitabing is absorbed through
the mntesoine and converted to 3'-deowy-3-fluorcctidine {3-DFCR) by carboxylesterase and then to
5'-deaxy-5-fAusraundine {5~DFUR) by cytidine deaminase, both steps taking place in the liver. Finally,
thymudine phosphorylase converes 5°-DFUR o the active drug, FU. This sccurs in beth mmoar and nermal
tissues; however, the enzyme s found at higher concentrations in most tumor tissue compared with narmal

lassa
' ®
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atabine and actwe drug flusrcuracl.

healthy tissue,
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Interactions of 3-FU7 and its produgs (capecitabme, decofhnidine, waciltegafin)

Interaction with Climeal effect Conmments Fafarance

Antacids Ahmvinivm- and magnesivm-contaming antacids Heloda Product Informeation
may mersase capecitabme bioavaillabality [197]

Anticoagulants Altered coagulation parameters and’or blesding Patients takmg these dmigs conoumenthy should Heloda Product Informeation
have bean reported in patients takmg have frequent monitoring of prothrembin fime [197]
capecifabine concworently with covmiarin-tvpe (FT} or intemational normealized rafio (TINE)
anficoagulants such as warfarin or
phienprocoumon

Anticomrulsants Phanytom toeoeity has been reported during Heloda Product Informeation
treatment with capecitabime; 3 sinular efact may [192]; Zucchers et al. [38]
ooour with tegafin or 5-FU

Cimetidime FPre-treatmment with cimetidime for 4 weeks (but Mo 5-FLU tosnieity reported, but cantion 15 Zucchero af al. [3E]
not 1 wesk) decreased 3-FUT alinvination adwvized

Mletromndazola® Decreased 3-FU clearance, resulimz m Arvoid conconutant use if possible. Ifused Hansten and Horm [407];
inereased tooocity (esp. &l and hematological) togather, monitor for increased toscity Zucchero af al. [3E]
without enhanced therapeutic effect

Thiazides Increased mvelosuppression reported Patients ware also recermg cyvelophosphanude Hansten and Horm [407];

and methofexate; if 15 unclsar wloch agent(s)
caused the mteracton

Zucchero af al. [3E]

Metromdazole may inlubit mitial step of 3-FUT metabolismy; decreased renal clearance also may be mmobved
Walko, C. M. et al. Clinical Therapeutics (2005) 27: 23-44




The enzyme dihydropyrimidine dehydrogenase hydrogenates 5-FU, the product
of capecitabine metabolism, to the much less toxic 5-fluoro-5, 6-dihydro-
fluorouracil (FUH2). Dihydropyrimidinase cleaves the pyrimidine ring to yield 5-
fluoro-ureido-propionic acid (FUPA). Finally, b-ureido-propionase cleaves FUPA
to a-fluoro-b-alanine (FBAL) which is cleared in the urine.
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Bioactivation: XELODA is readily absorbed from the
gastrointestinal tract. In the liver, a
carboxylesterase  hydrolyzes much of the
compound to 5’-deoxy-5-fluorocytidine (5’-DFCR).
Cytidine deaminase, an enzyme found in most

tissues, including tumors, subsequently converts
5-DFCR to 5’-deoxy-5-fluorouridine (5’-DFUR).
Finally, the enzyme thymidine phosphorylase

(dThdPase or TP), hydrolyzes 5’-DFUR to the active
drtig 5-FU.

Mechanism of Action of 5-FU: Both normal and
tumor cells metabolize 5-FU to 5-fluoro-2'-
deoxyuridine monophosphate (FAUMP) and 5-
fluorouridine triphosphate (FUTP). These metabolites
cause cell injury by two different mechanisms. First,
FAJUMP and the folate cofactor N5-10-methylene-
tetrahydrofolate bind to thymidylate synthase (TS) to
form a covalently bound ternary complex. This binding
inhibits the formation of thymidylate from 2'-
deoxyuridylate. Thymidylate is the necessary
precursor of thymidine triphosphate, which is essential
for the synthesis of DNA, so that a deficiency of this
compound can inhibit cell division. Second, nuclear
transcriptional enzymes can mistakenly incorporate
FUTP in place of uridine triphosphate (UTP) during
the synthesis of RNA. This metabolic error can
interfere with RNA processing and protein synthesis.
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