


Drug—Drug Interactions

* DDI refers to the fact that toxicity often ensues when two co-administered drugs are
metabolized by the same i1soform of CYP450 enzymes.

* For example, if drugs A and B are both metabolized by CYP450 3A4, as it so often
happens, the enzyme is preoccupied by metabolizing drug A, it no longer possesses the
capacity to metabolize drug B. Without the benefit being biotransformed, untoward
toxicities often manifest

» With regard to drugs as ligands for CYP450 enzymes, they may be divided into three
categorleszﬂ Ny B) \glg\j_")L 2) Lo

- Substrates: ligands that are metabolized by the enzymes. Examples: macrolide antibiotics,
antifungal ketoconazole and grapefruit juice. eNzym Noadiviky iy 05

- inducers, increase the enzyme activity by increasing enzyme synthesis. Examples:
rifampicin, phenytoin, carbamazepine and phenobarbital ezym 3 Js b o

- anhibitors: slow down the metabolism of substratés leading to an increased drug effect
(reversible inhibitors and irreversible inhibitors). Examples: fluoxetine, ketoconazole,
grapefruit



.ZJIM) I )in \j’;’\/)QP/p £ F@A/\LJ QJ/‘MD ))L —ud
gs/ﬁ@ Z//M/} /feeﬂfjm —J\Q@ Melo b\ 13m r@z/rp

oht atfachment <% 854 .ol b\‘nc/ﬂnj sitbe (re)l (3o efzyM N Jorp a4 \L_& Lo Jle Y]

Is> encym ) 1ied B\Ockmjdokg 2) W ey hEs sy Loy 45 3 Ssentym I e
Mebolism 1 0 9, Lo cN) ang, /o enzyn b Lo ol U b, mdfabadsm s

Side-cbed aio ol o Bsn,



- Drinking a glass of juice in the morning is good for you. But if you take your medicine with it, you should be
aware of the grapefruit juice effect.
- Grapefruits contain furanocoumarin derivatives that are rapid, potent, mechanism-based inhibitors (MBIs) of
intestinal CYP3A4. Its major ingredient bergamottin is oxidized by CYP3A4 to bergamottin epoxide. Bergamottin
inhibits CYP3A4 via protein modification. It also inhibits CYP1A2, 2A6, 2C9, 2C19, 2D6, and 2E1. Therefore,
when a drug is taken with grapefruit juice, its bioavailability is frequently boosted.
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Figure 3.3 ® Schematic summary of cytochrome P450-catalyzed oxidation reactions.
(Adapted from Ullrich, V.: Top. Curr. Chem. 83:68, 1979.)
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The term aromatic hydroxylation refers to the mixed functional
oxidation of aromatic compounds (arenes) to their corresponding
phenolic metabolites (arenols). It is believed that almost all
aromatic hydroxyl reactions proceed initially through an epoxide
intermediate called "arene oxide". which quickly and
spontaneously rearranges to the arenol product in most cases.

Most foreign compounds containing aromatic moieties are
susceptible to aromatic oxidation. In humans, aromatic
hydroxylation is a major route of metabolism for many drugs
containing phenyl groups.

Important therapeutic agents such as propranolol, phenobarbital,
phenytoin- , atorvastatin, 17a- ethinylestradiol and S- warfarin
undergo extensive aromatic oxidation. In most of the drugs just
mentioned, hydroxylation occurs at the para position.
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I occurs preferentially in the more electron-rich ring. For
example, aromatic hydroxylation of diazepam (Valium)
occurs primarily in the more activated ring to yield 4'-
hydroxydiazepam. A similar situation is seen in the 7-
hydroxylation of the antipsychotic agent chlorpromazine
(Thorazine) and in the para-hydroxylation of p-
chlorobiphenyl to p-chloro-p'-hydroxybiphenyl.
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Often, the substituents attached to the aromatic ring may 2 wihcheing grod Lenks asmlond fing 4
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microsomal aromatic hydroxylation reactions appear to proceed t Cl H

most readily in activated (electron-rich) rings, whereas N
deactivated aromatic rings (e.g., those containing electron- Rl=< j

H N

H

withdrawing groups Cl, -N+R3, COOH, SO2NHR) are generally

Cl
Clonidine Hydrochloride

slow or resistant to hydroxylation. The deactivating groups
present in the antihypertensive clonidine may explain why this

drug undergoes little aromatic hydroxylation in humans.
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Figure 3.5 ® Possible reaction pathways for arene oxides. (Data are from Daly, J. W.,

et al.:

Experientia 28:1129, 1972; Jerina, D. M., and Daly, J. W.: Science 185:573, 1974;

and Kaminsky, L. S.: In Anders, M. W. [ed.]. Bioactivation of Foreign Compounds. New

York, Academic Press, 1985, p. 157.)



 Oxi1dation always occur at para position, if there 1s a substitution on the

para then 1t will happen on the meta position ,

being occupied then no oxidation will occur.

if both positions are

* Aromatic ring oxidation is moderate in speed usually not more than
50%, other kind of oxidations are faster, so their products will be

extremely metabolized.
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Arrow indicates site of hydroxylation.
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Allylic carbon 1s a carbon atom bonded to another carbon atom, which in
turn 1s bonded doubly to another carbon atom
Considered as fast oxidation reaction.

Primary Primary Alcohol Aldehyde Carboxylic acid
Allylic l
carbon (l) ﬁ
Alc. Alc
CH; H,C—OH C—H ' _
CYP450 lehydro., chvdr C—OH
NS YRS, AT T deydro, /T Cdehydo | A

R (DiOxidation) R (DOxidation) R Gyoxidationy R
Uﬁn:/l /_\ /— \' thine

- s ;U)M_{ Conjugation NAD"  NADPH+H' NAD®  NADPH+H™ Conjugation

) benzylic carbhon )

a\\)lic Carbon Il <l iy 5 A0

D000 I essal 2 o

Conﬁo%f?eﬂ ¥ Cc:fbo)(,"c Otdj@ CMJMJQ}EJ + alchol ©

Me s m



S vrin Ju ol o, 0

Z<e/]°n @ Ce/\quq}'p,}*_Secw\Ju) alc L\d\a)

Secondary
S dary Alcohol
Allylic carbon R A Ketone
R R ?
\CHZ NC—OH Alc. =
Ve V2 CY'P45'O . ya Y4 dehydro N
R @Omdatlon) @)m dation) .
R Q_A,o O\” Ne carbon S Urine‘/l Urine
. . Conjugation NAD®  NADPH+H"
/‘)flm.eo/j ))Q‘_i/lw C \/\2 _(g' 5 c‘\;,[j j/m«h
c B
Tertiary Allylic Tertiary Alcohol Quaternary
carbon Allylic carbon
* Not oxidaized
R\CH R NC—OH R ¢ R nor conjugated
/\/ | CYP450 /\/ \\C/ nor excreted in urine
R R @Oxidation) R R/\/ |
2 Rgrodd o "eSye ally e carbon /1 2500 Urm‘/l dl
ngels tlebion = IO Loor \eds Loally e corbon ! 4,0
g o Do s SR Conjugation SN,

UN\ S0

SN (dakion\&l_rey 2/ \ 5 b



(,Qﬁ'mct/‘j )w\) \te
C:M/&MDﬂ
(Secondqg) alylie

qubon

oXidakion \ejl/-«e__;_ 172
biky vy

CH3(CH2)3CH3 _S b@ﬂg [ ‘¢ ¢ q/boﬂ
_ . o}(fd’a}"(“‘\—é’)\-_/‘f-?_ [
L >~ uJ‘_Tetrahydrocannabinol Secondhry alcho) = Jy= 2,
beehn 7 oxidaklon clul 5

£ me{'qbo(if’e

CH,

HO

HaC

0
CH,

7-Hydroxy-A'-THC 6a-Hydroxy-A'-THC 68-Hydroxy-A'-THC ‘

CSFH1

enenFiomer( al}ak‘; Carbon ) uz,)
umber 9



Oxidation at Aliphatic and Alicyclic Carbon Atoms

L alteyl charn b atomakc Qo ., Cycle Abols alkyl chan

* Alkyl or aliphatic carbon centres are subject to mixed-function
oxidation. Metabolic oxidation at the terminal methyl group often is
referred to as w -oxidation, and oxidation of the penultimate carbon
atom (i.e., next-to-the-last carbon) is called w -1 oxidation.

* The initial alcohol metabolites formed from these enzymatic w and w
-1 oxidations are susceptible to further oxidation to yield aldehyde,
ketones, or carboxylic acids. Alternatively, the alcohol metabolites
may undergo glucuronide conjugation.
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Valproic acid (Anti-seizure; Depakin®)
This drug has a carboxylic acid grouj
so it’s readily filtered and activel
secreted to be eliminated in the urin
unchanged.

It also gets oxidized, around 5%, in a d
and -1 oxidation. But mostly i
eliminated unchanged.
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