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Pupilisen e Ost drugs undergo some form of metabolic reaction resultirj’g g; @
Ures known as met; Olites \
8 Lipephilic 1400l g
Metabolites may: \ > Sante ] I ?A )
1- Lose the activity of the original drug (DETOXIFICATION). ﬂﬂ?b_,» J 94‘: i J_Qxl. L> / a0 X 4
2- Retain a certain level of activity. {
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I Phases of
Metabolism

Drug metabolism may be divided to two phases:
Phase | metabolism and Phase Il metabolism. Phase |
metabolism refers to  functional group

transformations of the original drug, converting it to
a more polar molecule(s).

Phase Il metabolism, also known as conjugation, is
the process of appending a very polar and highly

Conjugation
hydrophilic molecule (glucose or sulfate, for example) N, Odastea 1% S Iy NH
to appropriately functionalized parent compound or 0P~y O =0 0 n’\“ >
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Oxidation (alcohols and aldehydes)

o alcohol 0 o
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* The types of reactions |
fOl’ Phase | me tabolism Radqclmns:' (kelones, double bonds, nilro and azo compounds, sulfoxides and

are oxidation, reduction,

N-oxides, disulfides, quinone, dehalogenation)

NO, st
hydrolysis, cyclization, ¥ z/ R/}fo
and de- cyclization. @""‘:” b

G wse gl 2iapad

Hydralync reactions (esters amides, thioeslers, epoxides. and peptides)
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OXIDATION

metabolizing reaction.

* Phase | metabolism is largely an oxidative

process. :

* Various oxidative metabolisms are hydroxylation;

* Oxidation is the most important drug-

G oxygenation at carbon, nitrogen, or sulfur atoms; 3,4

N-dealkylation or O-dealkylation, oxidative

2’t::hra-aminatit:anj. etc. &

* Hydroxylation is a prevalent oxidation process for

Phase | metabolism.
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* Oxidation probably is the most common reaction in xenobiotic metabolism

. I-_iydroxy_lation is performed mainly by group of met;bolic enzymes that are found in the
liver mainly.

* These hepatic enzymes are called Mixed-function oxidases / Microsom i
al oxidases o
~— Cytochrome P450 (CYP450) Enzymes. :

_ * They can _crxidize various substrates in the same way; they’re not ‘substrate-specific’. This
8 property is due to haw{mg large catalytic pockets (no hindrance) and they can attach or
oV \ ! Jea handle their substrate in a single attachment (having multiple attachment sites means the

enzyme can act on some substrates but not others). ; e it A
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— - Large catalytic pocket This low number of attractive interactions leads to | 2 ~ "
(o] Dy low affinity, low specificity, no selectivity, and slow (S)L"ﬂ"
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| * Other metabolic enzymes involved in Oxidative reactions :

~  * flavin-containing Monooxygenases s L al®
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Drugs are metabolized mostly by a class of enzymes called cytochrome P450 (CYP450) enzymes. they
belong to a general class of enzymes called the monooxygenases.

Z + They are so named because they are bound to membranes within a cell (cyto) and contain a heme

pigment (chrome and P) that absorbs light at a wavelength of 450 nm when exposed to carbon
| monoxide.

* CYP450 enzymes are a superfamily of 18 heme-containing enzyme families, which may be further

divided into 43 subfamilies and more than 200 CYP450 isoforms. Chief among them are CYP450 3A4 g
and 2Deé6.

. ‘J)
* CYP 3A4 carries out biotransformations of the largest number (~50%) of drugs. . Jf“ A ;."X_,;M o< ) o 3
@Cf o ) ,:_f"_. Other important CYPs are 1A2, 2C9, 2C19, and 3AS5. Afsz A\ P GOk s

N * Inall, these six CYP enzymes are responsible for metabolizing 90% of drugs.
, . * In addition to the liver, these isoforms are expressed in the intestine and the kidney too. —» \;: v er 5\{;:;.: L ot
I Z &
3 * Inhibitors of CYP450 3A4: erythromycin, clarithromycin, \{erapfmilj_ ketoconazole, itraconazole, Anq&ﬂ 9
b e | ¢ diltiazem, and a constituent of grapefruit juice: rejponsible for unwanted interactions with many drugs. q\\eS‘\}mt \
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- Note in the figure the large protein catalytic part; this is the

part that differs in different oxidases (different amino acid
sequence).

¢ - However, they all share the non-protein part (heme cofactor)
- As you can also see the porphyrin ring in the catalytic ring:

(e \ made u'p of 4 pyrrole rings in a highly conjugated system. Yo—N
?E@P 47l - There’s an Iron in the middle of the ring that forms coordinate ﬁ
Sfe > a5 bonds with Nitrogen atoms [Coordinate bond: a bond between e
> ) an electron donor (Nitrogen in this case) that gives the electrons Lo e e
= Cpase JLI tothe empty d-orbitals of a metal (Iron in this case)). ey
8 \”Iemo'j\_cb - The Iron in the porphyrin ring forms the heme;\emoﬂﬂhﬂ\#; 2> T-H
: - The Iron is in the ferric state (Fe*3). —)fmam% 334) o I
S xkgvu_‘:d A similar molecule that contains a heme group is hemBgIobin V<o) LS
24 : $ 2 : y K
r, L2 » 45] but the Iron in hemoglobin is a ferrous iron (Fe?*).
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1, J ﬁ;ﬂ;efnate onas in a bipyramidal system as you can see in the Cporitnage L} | o)
: * In the pO{' hyrin rilng, the IroE forms 4 bﬁnds with thebNitéo efr; b“‘ﬁs :
atoms In the pyrrole ring so that means there are two bonds le : \
YM\(C‘JC J\  forthelronto ?’orm: ‘.\\J 161&4 (op g)‘:_" .-
* - One of the two bonds (the 5t bond) is formed with a Nitrogen H \
slrpm ‘Ig\ atom in the imidazole group found in the amino acid histidine; KR B e!ﬂ:
, . this bond is responsible for holding this porphyrin ring structure AT b KRV
Qué 1 in the catalytic pocket of the oxidase enzyme. b K emp
L O\idedon * .+ The 6th bond is formed between the Iron and Oxygen molecule LBt By 43 e
: [Ozc]. This oxygen is very important since it’s the oxygen atom that AT L Ep, |
P =Y + Is donated in the oxidation reaction &act as oxidizing agent). N 7 | e
l = v el Under the slightly acidic condition of the liver, the oxygen e :

the oxidation reaction to the metabolized compounds to form ae )
- (R—OH). ik
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; So, the source of the —OH is the oxygen bound to the Iron in ?crrcug N B Yo— '\rnm
< cytochrome P450 (CYP-450). Fe2t
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* DDI refers to the fact that toxicity often ensues when two co-administered drugs are R ,
metabolized by the same isoform of CYP450 enzymes. s L’ C:"i
* For example, if drugs A and B are both metabolized by_CYP450 3A4, as it so often
happe:ns, the enzyme is preoccupied by metabolizing drug A, it no longer possesses the o ,_\
dpacity to metabolize drug B. Without the benefit being biotransformed, untoward _
toxicities often manifest 7 Abﬂbé. m
* With regard to drugs as ligands for CYP450 enzymes, they may be divided into three 15 Ao
};‘ﬁ : categories: fj \
A "I - Substrates: ligands that are metabolized by the enzymes. Examples: macrolide \3 l’ B
e antibiotics, antifungal ketoconazole and grapefruit juice. ]S iy
<5 V] - Inducers, increase the enzyme activity by increasing enzyme synthesis. Examples: K
3 c » e . : . e
J— rifampicin, ph_enygom_, carbamazepmg and phenobarbital __L:,_L_J'\
- Inhibitors: slow down the metabolism of substrates leading to an increased drug effect i

(reversible inhibitors and irreversible inhibitors). E

xamples: fluoxetine, ketoconazole,
|, grapefruit
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- Drinking a glass of juice in the morning is good for you. But if you take your medicine with it, you should be aware %-’ "J k
of the grapefruit juice effect. d‘"lo B _.j/ -3
- Grapefruits contain furanocoumarin derivatives that are rapid, potent, mechanism-based inhibitors (MBIs) of p

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 L}L:«P Q-P_)
drug is taken with grapefruit juice, its bioavaila bility is frequently boosted.
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C=C = ) OH
= O l R—N—H — R—N"
| | | R
8 Mscolanoous “Activated Oxygon” ST e o
# Oxidatons [FGOIJ" ] 2 PI'J CHIFT R l'iIH -+ OﬂC\H
oG I |
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"'3_0"3 l I
Q=C R—0OH H*H-,ﬂoryfalm
AT e
DOSL#HG!M—SH'“ _CH:i N-Onics Eormation
$-Deasyation
and S-Oxidaton
noure 3.3 & Schematic summary of cytochrome P4S0-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
R R R 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

; 0O o™ 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
' c- albmaﬁ e kj erfj\ﬂlbﬁﬂﬂ Undergo extensive aromatic oxidation. In most of the drugs
] \

mentioned, hydroxylation occurs at the para position.
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In COMpounds with two aromatic rings, hydroxylation

occurs preferentially in the - ing. For

€Xample, aromatic h um)

INg to yield 4'.

IS seen in the _7-

Psychotic agent chlor rOmazine @
P

hydroxylation of the ant;

N the Para-hydroxylation of
chloroblphenyl to p-chlo
e —————————

ro-p'-hydroxybiphenyl. sk
—+ ydroxybiphenyl.
7

.$ 'il 3INCH
¢ N CH,CH,CH,N(CH,

7

SO 0O- |/

Oiazopam p-Chiorobipheny:
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7 Often, the Substituents attached to the aromatic ring may
=
Influence the ease of hydroxylation. As 3 general rule Cl=
‘ Mmicrosomal aromatic hydroxylation réactions appear to Proceed Cl H
J Most  readily in activated (electron-rich) rings, whereas N
*..
7 deactivated dromatic rings (e.g., those containing electron- ﬁ=< j
1
withdrawing groups Cl, -N+R3, COOH, SO2NHR) are generally ” /,/
.
- slow or resistant to hydroxylation. The deactivating groups Cl
J Present in the antihypertensive Clonidine may explain why this Clonidine Hydrochioride
- drug undergoes litt|e dromatic hydroxylation in humans,
== p
\ = n ‘
%Jcb YaMnan ) UV o0 &J-JJ L gu‘o&\n'luen:ps N oy
— \ -
- Uons‘J‘”Q s Jl
o = s "’1' U'Jcﬂ uhcﬂmilﬁjion "W %
q)[; 7 ﬂ A (Avade \) Fera 3 J ) 1and)ile
/ : / -
= 4 A7 “j arny| N9 )\ ' \q Jrs ]
Jron J,ﬂ relyy) Jion
AOMai( 5119 ) \fj‘l e ) o po U JL-J
= :
~ L(Y qwl*wrﬂ-“'ﬁjmq.P \Lg- Cf_’l—é - T\Y\-j-s j] \S{‘U Y
= e AN . _j“g % X 10 &Bﬂlﬂrmnzo_s l‘.@),LL
r Q'?_S -
R Ci\le— "¢s) "€
COOH (3(\J+ %(2/ l -




o » I » %

/S

.. o R

|

% GSH
hWME I — G!M“ﬂﬂn ducts
| OH

TANS -
@lcg!sroﬂ Jonai¥s due dod-{Tuin

STEP | O0—=0—H OH
wcleophilic atack y4 l_Jnslahle = - \.__ -
tve intermediate _r‘—'g‘-’ 4_.,@:.__._0\, 5) m

H -
JB T
H L—& &7 STEP 2 - "d‘fl\&_‘
R OH Epoxide Formation > o

O
R -
H  H : H J HSLAD
(-‘ " 4 « AL mﬂ'm
0(‘9‘_&&&/ Unstable £
due to strain
et H STEP 3
eno Unstable Epoxide Protonation then,
due to charge Epoxide opening

AP yae,

Prenc 3\ (u, 5"3 [Macromolecises, Cp\ imﬁ‘f‘“' - W |
' ¢ J»:ﬂ(./l OH M = DNA_RNA, or proton
C-fﬁﬂ.f'g,{ictm \-Q) "’J'P__ 3

Figure 3.5 # Possible reaction pathways for arene oxides, (
' ssible . (Data are from D :

et al. Experientia 28:1129, 1972; Jerina, D. M., and Daly, ). W.: Science 85575, 1974 | Nk IJ )
aminsky, L. 5.: In Anders, M. W. [ed.). Bioactivation of Foreign Compouncis. New ErCh orl |

York, Academic Press, 1985, p. 157.)
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* Oxidation always occur at para position, if there is a substitution on

the para then it will happen on the meta position , if both positions
are being occupied then no oxidation will occur.

* 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. 3s o fro ~
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no oxidation because there is no H to replace (remember that H must exist to replace it with —OH)
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| Arrow indicates site of hydroxylation.
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Tolbutamide will be eliminated in urine in 3 forms: 1k
| 1. Alcohol . \/\/ Tolbutamide

2. Carboxylic acid

3. Conjugated C‘)ﬂ“m N QJI;O N C[j _)‘-P._d
- - 7 JG
M Unpe )b e B4\ i

10/09/1444

\(\J (okqls (o)

i \H_CH, \ /

CH,CH,N(CH,),

Amilnptybne
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Figure 3.8 ® Examples of drugs and xenobiotics undergoing benzylic hydroxylation.
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3. Allylic oxidation G g
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Allylic carbon is 3 carb

On atom bonded to another carbon atom, which in

o, L_sk vturn is bonded doubly to another carbon atom

C0n5|dered as fast omdatlon reaction.
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Tetrahydrocannabinol
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oxidation. Metabolic oxidation at the terminal methyl group often Iis
eferred to as w -oxidation, and oxidation of the penultimate carbon
atom (i.e., next-to-the-last carbon) is called w -1 oxidation.
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Valproic acid

(Anti-seizure; Depakin®)

SO it's readily filtered and actively

secreted to be eliminated in the urine
unchanged.

It also gets oxidized, around 5%, in a

eliminated unchanged.
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This drug has 3 carboxylic acid group

W and w-1 oxidation. But mostly is |
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