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ROLE OF METABOLISM

OLJ‘X\(L_—Pgl}JSS L%‘ Struthne Slpuldicnp -
* The role of metabolism step is to degrade or modify the foreign structure, such that it can be more

easily excreted. As a result, most drugs undergo some form of metabolic reaction, resulting in
structures known as metabolites. \/ ‘

(J‘;A &L\b_f_».\.n) )—\DA/U—*-'P_J \)>p V% a, N (c-\js( UP_D/
M) Les SRV AWE

Metabolites may:

S/lmjwﬁ—cl(goseﬁhe activity of the original drug (DETOXIFICATION).
e (22 Retain a certain level of activity.

3- Be more active than the parent drug (BIOACTIVATION: PRODRUGS)

A

P~9-) P~ Aside from water and most hydrophilic dugs, all other molecules/drugs are metabolized. This is —, 5
QL e—* actually essential because lipophilic drugs would circulate in the body for a long time, caus'.n.g S (\{\’S\ ::\
U'ub,, ) yuf2 untoward side effects if not eliminated in due course. In'mostcases, metabolism converts lipophilic 6"5 e

~ compounds to hydrophilic metabolites, which are then eliminated/excreted from the body.
/L’ZJ/ P@y

. * -Metabolism is chemical alteration of the drugs in the body. The primary site for drug metabolism is iy
A, A 0¥ >) [the liver, which is of the uttermost importance with regard to a drug’s biotransformations. Other C—J:"‘-‘f‘b—é

JEH sites of metabolism are th{kldney, intestine, lungs, and plasmax : Siad = teC\'-
waktr solube P ;
\ _——
95)30_,0 ~\s‘-‘t)(p->q\’y055\__s:n;3\f
quU

e Yoo \5\««

| Examples

aghye %YW\)/\P_}, eSHV) ‘}): ,},S’dj;), Cf‘-f"')‘\'\ (AQ\'OY\ﬁTeO\‘*’.\OV\)
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H HO™
enalapril (Vasotec, 106) acetaminophen (Tylenol, 109) NAPBQI (110)
enalaprilat (1 05), OK Bad!
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I Phases of Dualyton
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MetabOhsm . Hydrolysis
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als Csap=
v ,c/l O)/U\—EC‘* (mot’c Polar) (s )\ (SQO@wi‘- Asp?mn (2;8) salicyclic acid (119)
’ i sy it

* Drug metabollsm may be divided to two ph/{ses D oup 3\__\
Phase | metabolism and Phase Il metabolism. Phase / Plu A\

metabolism  refers ~ to  fynctional  group 1)
- transformations of the ongmal drug, converting it to Pt ‘\J-OH:
a more polar molecule(s). . s
* Phase Il metabolism, also known as‘conjugation, is Fhase |
the process of appending a very polar and highly Functionlization
‘hydrophilic molecule (glucose or sulfate, for example) NH  Oxidation 2
to’sppropnately functionalized parent compound)r 0 N#o N 2
Phase I membOHte.iL \ Ph Hy‘ : a ’...,a Q} C_é ‘9_D Phenytoin rouronlc acid g
$ o (o conjugale .
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Phase | metabolism

|9 Oxidation (alcohols and aléehzdes) A(i‘;'

O ——

3

=

| alcohol o o E

o RO S s W :
| alcone) dehydrogenase H OH j é
%

2

3

%

-

« The types of reactions a\dehyde Carboxylic eer

. ~_Reductions: (ketones, double bonds, nitro and azo compounds, sulfoxides and
for Phase | metabolism N-oxides, disulfides, quinone, dehalogenatuon)

are oxidation, reduction, dovbIcbond y 1

O = Hydkﬁm:” \
J)/(hydrolysis, cyclization, @ __@
1) and de-cyclization. s O

A% 58 £ YL @ =25 590¢°F
(JDs 10 allL ol ) Uo.udgl aslpl T

OY\da\r\'JV\
—%des| o X eSH'r Hydrolytic reactions (esters amides, thioesters, epoxides, and peptides)
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u
OX'DATION oxsulsle bYond __ﬁd > > e\'>v)l\.k(‘.
* Oxidation is the most important drug- '.ﬂdm"f,“"_"
metabolizing reaction. © RET AR
* Phase | metabolism is largely an oxidative G
process. e aton . \
* Various oxidative metabolisms are hydroxylation; \ A N
oxygenation at carbon, nitrogen, or sulfur atoms: RN R Y
N-dealkylation .or O-dealkylation, oxidative
deamination, etc. o)t {“Pealkylafion ¥ ;
\
* Hydroxylation is a prevalent oxidation process for aé\:’u‘o RA”AR R“07°R RESTER
Phase | metabolism. |
. N- or S-oxidation
U b F N/ ¥
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| ] 5~

N/ N CYP450
e Dl as AT
N" N k\N N

6-methylthiopurine (134) 135

SH
spontaneous N)\J[N\> + HCHO
i b
N N

6-mercaptoopunne (136)

|

NH NH
CYP450
3A4/5

sunmmb (Sutent, 132) ' U-1 2662 (133)

\

crenbic tive /Sl Cohod M oxdabin (golpa— mixed)
.w N hon grovp o / oenzi\icewoon

Yo O MNsQqiy D) =05 ¥
: /’ :
« Oxidation probably is the most commpon reaction in xenobiotic metabolism -
- .Hydroxylatien is performed mainly by group of metabolic enzymes that are found in the

liver mainly. MEO b PO
« These hepatic enzymes are called Mlxed-function oxidases / M_c_r_o_sg_mal_nxldas,es or

([‘o.tj () Q«.L\
This low number of attractiveinteractionsleadsto
low affi nityﬂog speciﬁcity)no selectivity, and slow

| ———ane

turnover. Therefore, they're slow rate enzymes

(23 cytochrome P450 (CYP450) Enzymes. oxyalases entye S\ AnE— Praice

« They can oxidize various sufstrates in the same way; they’re not ‘substrate-specific’. This >
/Pﬁ&’ property is due to havingtarge catalytic pockets?(no hindrance) and they can attach or®

¢}2- " handle their substrate in a single attachment (having multiple attaclgent sﬁe‘?‘ﬁ’weans the

W‘A“L-'_‘;“ enzyme can act on some substrates but not others).

\ | _ ) N(#oSog:\q\
S e |
one obtochemert chs Y 23 (oxdotion) I AL gl
J ﬁp_squ Slow (ate of me\eo\\oo\\sm ;
r OX\dO““"V‘ ;
r’f—‘“»‘ﬁdﬂ> i
L :
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e Other metabolic enzymes involved in Oxidative reactions :

* flavin-containing Monooxygenases
 Monoamine Oxidases

 Alcohol Dehydrogenases

* Aldehyde Dehydrogenases

« Xanthine Oxidase

Cytochrome P450 (CYP450) Enzymes

= C;’J‘PUS a ,5%\ v_,\\,&:.\p:’

ss'are'metabolized mostly by a class of enzymes called cvtad\rome’P’tlSO'(CYPaSO)"enzymes they
belong to a general class of enzymes called the:monooxygenases.

* They are so namedibe they are bound to membranes within.a cell. (eyto) and contain'a hemey
pigment (chrome and P) tiat absorbs light at-a wavelengih of 450 nm when exposed to:carbon & il

monoxide.

“QCYP450 enzymes are a superfamily of‘heme:containingsenzyme families, which may be further
divided mto@subfamulues and more than@ CYP450 isoforms. Chief among them are CYP450 3A4 2
and 2D6. L—

YP 3A4 carries out biotransformations of the%argestnumber;@z_;ggmﬂ
$~Hul= e Otherimportant CYPs are 1A2, 2C9, 2C19, and 3AS.
* Inall, these six CYP enzymes aremsponsibjezfor*metabﬁliliﬂw
* In addition to the@ these isoforms are expressedin thefintestineland th@ge_ﬂoo G

YP450 3A4: wm@mvcin clarithromycin, verapamil, ketoctonazole, itraconazole,
@dlltlazem and a constmfen@grap it juice: responS|ble for unwanted interactions W|th many drugs.

-ly-,_c,fffu‘f

12

I —————————————————————————— e et et —————————————————— '
e

Scanned with CamScanner


https://v3.camscanner.com/user/download

- 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 thef porphyrin ring)in the catalytic ring;
made up of 4 pyrrole rings in a highly conjugated system.
- There’s an Iron in the middle of the ring that forms coordinate
bonds with Nitrogen atoms [Coordinate bond: a bond between
an electron donor (Nitrogen in this case) that gives the electrons
to the empty d-orbitals of a metal (Iron in this case)].

- The Iron in the porphyrin ring forms the heme;

- TheIron)is in the ferric state (Fe*3).

A similar molecule that contains a heme group is hemoglobin
but the [ron in hemoglobin is a ferrous iron (FeZ*).

!

|

2 . irniAa20)
| '4918'%("}‘(“3

\
* CaralykEic dom e
[asa) S icute,

A3

25> vl

Large protein atalytc
part (thi part dffers
between (N erent

idine aemino acid

N

-

| —

Hiskidtn e

(Cmc*ma&e -L.J‘)Jé i <— B D8 sV X
~ :__?) b;\PY“"W\\(\O\‘ SySRW\

(
* The Iron (whether a

coordinate bonds in a
figure.

* In the|porphyrin ring)
atoms in the pyrrole ring so that means there are two bonds

for the Iron to form:

* - One of the two bonds (the 5" bond) is formed with a Nitrogen
atom in the imidazole group found in the amino acid histidine;
this bond is responsible for holding this porphyrin ring structure
in the catalytic pocket of the oxidase enzyme.

The 6th bond is formed between the Iron and Oxygen molecule
(023. This oxygen is very important since it’s the oxygen atom that
Is donated in the oxidation reaction &act as oxidizing agent).

Under the slig}i‘wtl¥ acidic condition of the liver, the oxygen
molecule is in the form of (—O—OH) and this —OH is donated in

zRe gﬂc)jation reaction to the metabolized compounds to form

- So, the source of the —OH is the oxygen bound to the Iron in
cytochrome P450 (CYP-450). -

ferrous or a ferric ion) can form up to 6
ipyramidal system as you can see in the

the Iron forms 4 bonds with the Nitro efr;
e

Cytochrome P450
BNZYINEes
Drug=H +(02)+ NADPH +H*
\\\[c‘ njeq,\\ = ¥ 5 e
27 QFKr ’)—d‘(_’:
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Drug—Drug Interactions \

— e DDI refers to the fact that toxicity often ensues when two co-administered drugs are
metabolized by the same isoform 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
categories:

- Substrates: ligands that are metabolized @ the enzymes. (Examples: macrolide
antibiotics, antifungal ketoconazole and grapefruit juice.

- inducers, increase the enzyme activity by increasing enzyme synthesis. Examples:
rifampicin, phenytoin, carbamazepine and phenobarbital

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

N L

- Drinking a glass of juice in the morning is good foryou. But if you take your medicine with it, you(shg@male

of the grajgfrwt juice eﬁect
- 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 leCé its bloavallabllnty is frequently boosted.

/\/'\/\/l\ /\)\/\)\
L 2 @)
O CYP3A4 >
C //
" M
Bergamottin epoxide (115)

S

proper dose e S “‘*""‘*’;};‘{\
| H nzz (T e
@"- ‘ L‘.'F’r!-.'_g-.'!‘.t'-‘ii.-:'
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Oxidative Reactions

Arene Ondes (includes benzyiic, allylic

o R ; aliphatic, leic.)
/O\ C—OH
c—C I

|
C=C '—C-H
i l i OH
\ — R—N"
| R
Miacet - “Activated Oxygen”™ T s Y e [ %
catanen. [ o ] N—CH;R — R—NH + 0=C{
S=C H
57 R—0O—CH; R—N —+R—N=—0
— 2'«yalucn ang
O=pP [ O-Deatkylation Oxicative Deamnation
Dea.-laratim—SHo'_ S—CH, N-Oxide Formation
S-Dea'<yaiion
and S-Oxidaton

Figure 3.3 ® Schematic summary of cytochrome P450-catalyzed oxidation reactions.
(Adapted from Ullrich, V.: Top. Curr. Chem. 83:68, 1979.)

Arene

hy drken
i Aromatlc oxudatlon

<H

/ wér&\ — ox.doA»on ben'Z\\\L Caﬂboﬂ-

The term aromatic hydroxylation refers to the mixed functional
oxidation of aromatic compouhds (arenes) to their corresponding
sphenoclic: metabolites: (arenols). It is believed that almost all
aromatic hydroxyl reactions proceed initially through an epoxide

R R intermediate called ["arene oxide")  which quickly and
5 | spontaneouslyrearranges to the arenol product in most cases.
Most foreign compounds containing (aromatic _moieties) are
i . susceptible to (aromatic _oxidation) In humans, aromatic
O O hydroxylation is a major route of metabolism for many drugs
; : H containing phenylgroups.
&rle Oxide Arenol Sl

Important therapeutic agents such as.propranolol, phenobarbital,

.phenytoin- , atorvastatin, 47a- ethinylestradiol and &- warfarin,
undergo extensive aromatic oxidation. In most of the drugs just
mentioned, hydroxylatlon occurs at the para position.

3 Me'ﬁi‘ &
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In compounds with two aromatic rings, hydroxylation

@M"‘m”c Y"‘"J]\ base aab & 2% occurs preferentially in the more electron-rich ring. For
] (qu\a-m.\) example, aromatic hydroxylation of diazepam (Valium)

®\ O 7 OH\ G occurs primarily in the more activated ring to yield 4'-
hydroxydiazepam. A similar situation is seen in the 7-

HN ! Al TANY i hydroxylation of the antipsychotic agent chlorpromazine
/(N = /LN (Thorazine) and in the para-hydroxylation of p-

H , chlorobiphenyl to p-chloro-p'-hydroxybiphenyl.

Q=pclL ¢Ss?
-\ (Q‘QCWOV\W\\""\AYZW\ \
(/'A(J,W(/J. S = 2E) VL_
bt&’ Ao k)dx\.la"\aw <\-..L2

, L SlD
Often, the substituents attached to the aromatic ring may A0 e hee -
o < Y \'Aé ph
influence the ease of hydroxylation. As a general rule, Cl
microsomal aromatic hydroxylation reactions appear to proceed ‘C Cl

most readily in activated (electron-rich) rings, whereas

deactivated aromatic rings (e.g., those containing electron-

H
AN
e

H

Par ¢
withdrawing groups Cl, -N+R3, COOH, SO2NHR) are generally (Free)
L2 Dnlanicy Cl
slow or resistant to hydroxylation. The deactivating groups ?’?_5.
C
present in the antihypertensive clonidine may explain why this @udme Hydrochlonde
/g)ﬁ(/’ _,b_ﬁ.-P s>

drug undergoes little aromatic hydroxylation in humans.

(anmaticviag ) J1 ¥

\_B_A_gulf > ‘
/I /BY' /F/CL/ \__\- 4‘_E\ec\-fOV\ W\‘W\ C\faw\\\fz Wa

=L e S\ NS
@Necleopp,:lfc attae
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STEP 1 Unstable

Nucleophilic attack- - : +ve intermediate Q0 bLo! L s X

A ) gﬁﬁjﬁ@’,@:@@"
o /-suzr 3

6H Epoxide Fommtion<» oo D P 2%
H j\)}h;ult\
105S oc C\vcmq::lfy\~ H

A Ao sic > <

o — — — — — - —

— T

e
-

i =

B — —‘-.—.'——-‘—.-“."7
ol e Sl

O.\) |
R N
R n@ous
0 ‘W Unstable 1% |

due (o strain 2poX’ \e.

H STEP 3 - | :

Unstable  Epoxide Protonation then, onstab) ey sb _9Ps57
due to ch:;ge Epoxide opening e poXi d e

R
S S > Arenols
e =2
OH
trans-D hydrcdiois
Glitathone Adcuc!'s
Macromoieculyr adduct
covalent’y tounc 1o D T
MO it Concey -

— — — - -

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; 3
and Kaminsky, L. S.: In Anders, M. W. [ed.]. Bioactivation of Foreign Compounds. New

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

« 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 us.ually not more than

50%, other kind of oxidations are faster, so their products will be
extremely metabolized.

MOft € = D % .3(’@’ . ~
dformis F\\&K “'——)o}‘\A ,:.OV\

found in the urine
: 50% oxidized
: 50-60% Is
i Phenobarbitone

eliminated in the

oonjugafed form j2+> Lo, NS “‘w-
unmetabol[zed > ?\{\ nse \\—>1 t
and found in urine . . |

' me"‘lbOh?C‘& w)(%mo\)avb?_‘_onQ)»\ (40_);4::(_)‘*0—.

! YorVeiC YN 4
b Q//F /:_)aaroma\tc VY
E,x\'éi‘r\/“)"?)
2. Benzylic oxidation®;

sy <l aus
Rardylic Cotdo s 2 l, C__-.Sp 7 o.L. oy

ple vups 2\ 3 ) o w\e O <blpl| Lol cf
| X\aa+\0% i\__ U,
4t Primary Alcohal Aldchyde Carboxylic acid -
Ao, e PR
i ;"; Con{wson 0 H;:OH 0 H _HW eH ot}
Re "‘Z\z\ \‘c) Ay -H Uring e | ! l
Carbn Alcohol ““C-“ =, H—\cL—H
__‘f (/’E} e -

NAD™ NADPIHIT R

Tertiary Alcohol (A
O—H J-—é i

onjugahon |

CYP450_
(Oxidnion)

NAD" NADPH+H*

T C-CQAC

4° carbon, no oxidation because there 150 H to replace (remember that H must exist to replace it with —OH). <
C
|
C —-\C'- c
H 0 C ‘
\.J\ o |
f2a— 78
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OCH,
P C.H _CH
O\VMahf 3 Hz\(lj/ s
NH
carbon 3
S )‘)"VLD

1-(2,5-Dimethoxy-4- melbytpww LG s
-2-aminopropane (DOM) oo\

CH,
OH CH
H2(|:/ \ZCH;;
CHZ
C(ji:o (T:HZ N s IS
Kekon.

‘A’ -Tetrahydrocarnabinol

Figure 3.8 ® Examples of drugs and xenobiotics undergoing benzylic hydroxylation.

Arrow indicates site of hydroxylatuon

3-Methwicholanthrene

Example

Tolbutamide will be eliminated in urine in 3 forms:
1. Alcohol

2. Carboxylicacid

3. Conjugated

79

toluene.

OH Pnmary alcohol

Coylso W\ C
QL\&

0= S=
NH

Alcohol dehydrogenase

a\ Ac‘ny de

Unstable it will be
oxidizd again
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3.Allvlic oxidations et

»

Allylic carbon is a carbon atom bonded to another carbon atom, which in

turn is bonded doubly to another carbon atom
Considered as fast oxidation reaction.

Quaternary

Tertiary Alcohol 7
Allylic carbon

Primary | Primary Alcohol  Aldehyde i Carboxylic acid
Allylic l
.DAL carbon =>\Lp! - ﬁ fl)
= ; Alc.
=) | JPS (_,:l _:3 /\/9" CYP450 R HZC—@ dehydro /\/C_H dehydro. = /\/C—OH
o\;&? 1659 096’9 q.d,s)“ {Oxjd;uon) '/l (Oxidation) (Oxidation) R l\\
side2yas § 7 oS iT (TN =y O
/ C-oa 2 Wiond (Conjugation) NAD®  NADPH+H" NAD* NADPH+H' {Con [ njugation) {| (2)
‘ chb; B 1e PHESRIE
5 7 AYA) S\sD (o Doy Ne et Q)
Q'/)—‘;’:Q))); ,9)‘—0 )—)LX oan S Lollp> i B Lol L'..
dobie bona. = 5 12bo <hay 00 e ))-70__) s
)Ag ( é\(i:i; S B Y) > _j”'LP_) )3 a
JY';)A C)X\du \ON =1 (ConJ (Aa\“r& )
/\\\; 1c carben. I
Secondary Secondary Alcohol Ketone
Allylic carbon
O
R ‘ RH Alc.
/\/CHZ CYP450 /\/C_OH dehydro. o N R
R a W (Oxidation) R (Oxidation) . 1 S
Unn:/l /\ Ukine
Conjugation = NAD*  NADPH+H" ~
Cm\)v?«\-wh \3,)-‘470) 2/ e
oH 2> a5

|

|

2 : 5—;{2)’ )
R : nor conjugated . 4 e
/N e CYPAS0 /\/| : G~ norexcreted in urine -
5 R (Oxidation) R ad < (P
' c P
!
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Oxidation at Aliphatic and Alicyclic Carbon Atoms

- 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.

Ultimate carbon (least sterically hindered)

OXi A akion OH
R/\l/ + R’\)
. "10)( | dehion Primary
@enultimate carbon. cﬁm’j’y alcohol
cidd ‘myﬁ *
aq)zl‘m,s SRt ndery o Sy s ary

JolBle v\ e (K2

(Qan Uhl“m)l (
S Sl S
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h n(:aH? nCI3H7
HOCH,CH,CH,CHCOOH — HOOCCHCH,CHCOOH
5-Hydroxyvalproic Acid 2-n-Propylglutaric Acid
Valproic acid (Anti-seizure; Depakin®)
This drug has a carboxylic acid group C /»‘ Oxigation
so it's readily filtered and actively n'3H7 = CH
secreted to be eliminated in the urine CH,CH,CH,CHCOOH \w:‘ iy j n ls, ?
unchanged. RIS ' %, CH CHCH CHCOOH
It also gets @_)g'gize@ anounin a Valproic Acd e 2!
w and w-1 oxidation. But mostly is @ 4-Hydroxyvalproic Acid
eliminated unchanged. |
| CH
| CH; e
Q CH,CH, | H O CH,CH;
Crisee G i CH5 /C\
HN™ NS /3\CH - HN \CH -
A 7 ; P e
O NE20 O@aNa=0
Amobarbital 3'-Hydroxyamobarbital

Wavy bond °
| No sterie 6
§ preference - H
Equatorial
H
< » H \J

ax\'o\/ CG\;’*\o«\G\

excxmglc g

&’ CH,c—O—so,Nﬁ P N i CH_.,C—O—-SO,NH N

m—u-iydmyacetohexamda \\)AY‘OXV\G*\Y\ 5;}—) Z/
EXI PP B J i | cu}?-? s\ &
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3 L S |
© Allchic |
@ A' I‘P holtic :
. . @ A\ \/d y C =
Double bond oxidation | © dobic bondwif o
afgmat ‘.’“('/9:5"5\ G) cavova o v l
S 7% A\{\Weak datton R o &) benzyhc &
. Alk@ epoxidation: : 9 / |
* In order for a double bond to be oxidized it has to be conjugated to at least one aromatic ring §
e - Rateis similarto aromatic ring(oxidatiorﬁbut slightly higher; still moderate rate l
* -Yield 50-60%. %;
1= N2 ePoxide <yl F
= HO Trans ,
0\/ | NG > UH ¥
OV \" c"') > 9
O H20 et
O —> raw.S
v N
X /o X\ . 4
O ; ‘_v: ) O%NHZ Epoxide throlase O NH J
Carbamazipine =~ Comyue Lion
Clawm ?\2 (2) ae o\\-ic
| " |
] F
|
Styrene (polystyrene monomer) - |
dovble bond :
;
orgMmetic r_"\:\j i
o X (\f»‘\‘ﬂt‘)ﬁ W :
o) i'
What is the fate of this styrene glycol?
(1) Further oxidation by alcohol dehydrogenase on one of the
OH or both. It could give:
(a) An aldehyde which gets further oxidized into a carboxylic
acid. An alcohol carboxylic acid is found in the urine.
(b) A ketone. An alcohol ketone is eliminated in the urine.
(c) A ketone and a carboxylic acid. (eliminated in the urine).

(2) Gets conjugated on one of the hydroxyls with glucuronic acid
and eliminated. '
'(3) Eliminated in the urine as the oxidized form (glycol).

OO AT TS O I TR TR G A U Y DA SRR (1T N R U TR T
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Oxidation to a carbon to carbony!

 Aldehyde, Ketone, Ester, Enole, Carboxylic acid, Thioester
+ Carbonyl is electron withdrawing group-> a carbon is electron rich ... 1 <91 %

. jon: 90- ield Carbony! carbRnyl gfovp I\
Very fast reaction: 90-100%yy roup I /ot \gis S o x
 Fate of the oxidized drug: R =~ /“7‘(
 Eliminated in its oxidized form in the urine H H =
. : HO H cA_®
* Good candidate for conjugation to glucuronic acid < AN s 7~
* Further oxidation by alcohol dehydrogenase: If a primary alcohol it’s oxygenated to a carboxylic 4 A ‘7 1:; :
acid and gives a carboxylic acid ketone group in the urine. b e;’ 25
-
* Ifit’s a secondary alcohol it’s oxidized to a ketone, giving a diketone in the urine. g
: i |
O e
) O OH : OH 0 O
Ra/ub<Rz Q/I\<Rz _: ‘/‘\/ A &L\Q/ R, )l\g/ R, CYP450 R,
H H H* H i R‘ Rl / \. R,
o : LSk — H”. KH H OH
keto-cool tautomerism weakly bound like
an acidic H
_s A']P g L N -

700.\(0%0\ 3T

Con 'qc,\“'"‘ ‘CP" 7
A

Kevon . .’)JP% >3

Example

Gy. ‘L\o\\ e WV
LR SEE

ay oS> _yupd)2/\
\ )dro)l\ \m\:\uv\ A\
o) \p g o\ NQ'Y \'@VY wminoyv UP_D yas
Aromatic ring oxidation is very minor because
it’s slower. The oxidation of the alpha carbon
is much faster and more likely to happen.

- J
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Oxidation Involving Carbon- Heteroatom Systems

——

11 A

« Nitrogen and oxygen functionalities are commonly found in most drugs and foreign compounds;
sulfur functionalities occur only occasionally.

« Metabolic oxidation of carbon-nitrogen, carbon-oxygen, and carbon-sulfur systems involve two
basic types of biotransformation processes: 5

1. Hydroxylation of the carbon atom directly attached to the heteroatom [N, O, S). The resulting —s¢
intermediate is often unstable and decomposes with the cleavage of the heteroatom-carbon bond: V,T':j\ o o

D S A S e AN (U L

nitrogen is more electrophilicthan carbon, ﬂ;-p;spj
the a-carbon is likely to get oxidized and |5(” ;!iOX-\’AoH'\W\ :

easier to be oxidized than the nitrogen

Oxidative N-, O-, and S-dealkylation as well as oxidative deamination reactions fall under this
mechanistic pathway

2. Hydroxylation or oxidation of the heteroatom (N, S only, e.g., N- hydroxylation, N-oxide

formation, sulfoxide, and sulfone formatlon) Y
g N 7 it Q¢ vo-p
O sp) WIE
N- systems
tng —J} éﬁpﬂ e /7 (1) Amine (2) Amide (3) Heterocyclic nitrogen  (4) Imine (5) Diazo (Az0)

' R O N
F e )k ratin [ | R SN N — e
LS go L N -3 ! \‘/
- Sif R "R, Ry T N
R;

@ font 2akble
Charae. Pia aa.c

PHa = 1S
Amines are ionizable groups with a pKa= 9.5. The plasma’s pHa= 7.5 so
amines are ionized in physiological conditions. 4
How does that affect its renal elimination?——+ » |- o~ 25>
Since it’s ionizable that means it’s water soluble and it’s more likely to
get eliminated in the urine mainly unchanged than reabsorbed.
| around 80% of the amines get eliminated unchanged in the urine

* and around 10% get conjugated. This means that amines aren’t good
candidates for metabolism by CYP450. .

5

.
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This system is
methyl will be the called hemiaminal
group to be oxidized ‘W
because it’s sterically P Sl
N .-+ N CH
the smallest N CH, 3( NS ad
H
Acetal
G o\ S' - P S\ / CYP450 S
. . ‘ R | e Hz |
m“"% COMFD"’\A —S\ > g e e, k_)\. < to Formic acid Formaldchyde T B D et
@ o Slalpoaed) o — . i
» - H G Fis m o eI
(\NHZ CYP450 e NH declhylahon Y/ 3 hI‘ 2 ' .
x : RN
4
Alco. dehy. _Et' cpeesesermmsisanenas
Or v eV A0 ciapianit /H\OH 1r
 V \ inati
N _ “‘v chim/tf?non vnne \ LV o Acetic acid Accta.ldchydc /N |
[ N \’\,; } ‘] C .
! -~ 2
H:G H,C  CHs A
q_é s d‘ A H Alco. dcby ;0./5
_ Conjugauon TPy
7‘A - 4L -
‘.'. ' O ng"\% 0\~:>
WnWe ?__h/,_—
J.

N-systems: What do we find in the urihe?'

pekepoliswa ads R0 (2 o
e d( Ionlzed)dr ug unchanged (mostly)

(2 * - Conjugated drug (to a lesser extent) “/vh-
(3 \o/* To a much lesser extent:
(MY « lonized secondary and primary amines and their conjugates
() « Ammonia :

(&) « Carboxylic acids (formic acid, acetic acid and the final 7, . y
carboxylic acid product of the last reaction)

pot
| @ « NO aldehyde (unstable) ;4‘7, -
. NO hemi-aminal (unstable) /\ e
‘an\'\mf)(
H C <«\~\3

nr
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[ (e ®—~lﬂl-——-‘m° (T} 1, N-oxidation
. 1* oxidation 2™ oxidation 3" oxidation 9—
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A
3)§$}:oxidation: ‘
» £ 0O !
1) S-dealkylation: _ [ N
SCH, S—CH,OH et SD\ SR E:[s. S';
. S H A = H &uofi&azine. H,C,N- S nngsulfox_ide nngsulfono 3 %
6-mé_thyl _thio_pu_rine _ 6;mercéptq purihe_ : \ e | A e 2 |
2) Desulphuration: e ) N
O o O RN R sl e I B ';o//\\
| R1 : - R1 e esoridazne o i e SRR '
ﬁ\ o Cyt.P4so '.j\ | | i sulforidazine
' , — Pacvon a2 R2 3 o 0 T
N/
Thi_(?pental i | | Dimethyi_ sulfoxide : Dapewzsidfone
|
22 )@\,d’_’ MY AL ¢ \P !//g*“
. B e Y QR dve low
RERNGTIaN. .w(w&m/v Fonchidnal grove
| S A S ol v SOZNHZ
it % O Intestines /©/302NH2
O G bacterial H2N |
H,N nitro-reductase) sulf
— — anilamide (138)
F Prontosil (1 37{p?o-drug)f D __"_5 (o (éctual active drug) .
“,5'\5\.)\9 "
J .\A’J_'.-Sd‘\_? H
- A . y y*-b-l:‘;J:_s\ >
» Reductien is the reverse of 0 C (No rnie\ tﬂb)‘) o)
oxidation and inVO'Ves _ NH flavin-denpedent N—N>LNH |
YPA50 er King | 8 : Badion
(CYPA50 enzymes working in 3 O NADPH-CYP450 0 5
the (Opposite direction. o e HoN

dantrolene (Dantrium, 139)
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A}j\a Ju V‘f’”;@

o
(§)
. A ; 9
oY) d apon NS
G .5 ‘ nitrobenzens  nitrosobenzene
edu C QOV\
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— ©/ ~0==n-©/ OH#@

major melabolite, aniline 140

phenylhydroxylamine aniline
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Example on reduction reactions

* An enzyme called “ floral diazo reductase “ is involved in the
metabolism of Diazo compounds , actually it’s the major one.

* floral diazo reductase enzymes are present in the large intestine

Floral diazo -
RN=N—"2 o quctase R1—@ 2 RZ_@

Diazo Amine Amine

-

LA T T e a0 ARG UCEN

Aol
i

A A RO TR CUTN TR,

Sulfasalazine

 The presence of the floral Diazo reductase enable us to build prodrug
to treat a disease called Crohn’s disease ( autoimmune disease leads
to colon ulcers , these ulcers make the colon prone to infectious
agents like bacteria’') , our drug which is actually a prodrug is
Sulfasalazine

e Normal flora will reduce sulfasalazine (prodrug) by “floral Diazo
reductase “ the reduction will cleave our drug in the line position. (At
the Diazo group, where the reductase enzyme acts)

.
P L T I L IOy | L T N N R S O R RO N T T T R S O O O O D D O D N D OO O O O R e A e
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Sulfasalazine is not absorbable, so it acts locally . ey
at the large intestine .and it is a prodrug that has to be activated in vivo,

HEEEO
NSNS .
P S S
B o S
/
1 ] OF

Sulfonamide _
(anti-bacterial) / Nz

ﬂ
\9,1'5 ) 5 aﬂ/jfj L d‘;/ Q‘Lé

Salicylic acid
(anti-inflammatory)
:

OH

Sulfasalazine

Azo and Nitro Reduction

* A number of azo compounds, such as Prontosil and sulfasalazine, are
converted to aromatic primary amines by azoreductase |

\‘l"‘)\@ O}—J‘\/’)P *
A)L«)%’HUCMC \ f COOH

\Da \ = Ofally

N N’<‘jr COOH
o \ \ ""Y‘aﬁ( jxy] N H\ES?‘O/ N " /@0%!

Sutfapyndme P-ammosahcyhc acad #
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HYDROLY SIS == e

—

» Hydrolysis means adding water. For an (ester-containing_drug) hydrolysis is
cleavage of the ester by taking up a molecule of water employing esterase.
Similarly, amides and polypeptides are hydrolyzed by amidases and peptidases,
respectively. Hydrolysis occurs in the.liver, intestines,.plasma, and other tissues.

2\

7 0
\e NH NH
= 750 : ‘Liver
Carboxylesterase
(CES) e
pethidine (Demerol, 141) pethidinic acid (142)
CYCLIZATION

Ve 77 R ACA S

» Metabolic cyclization is formation of a ring structure from a
straight-chain compound

“ “ H N__-N
/ , R CYP2C19 N
g aeact,, ,
Cl

\ :
CI\ H NH

proguanil (143) cycloguanil (144)
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DECYCLIZATION

- Metabolic decyclization is ring-opening of a cyclic molecule such as
phenytoin and barbiturates.

(3 A\ Ao\\"\h AN

\/\/\;\ 0 :
Yele. i
NH, NH»

N
ey ) %
2?0 CYP2C9/C19 | go CYP2C9/C19 2?0
o~ - B e

| primidone (145) phenobarbital (Luminal, 100) phenylethylmalonamide (PEMA, 146)

« Phase | metabolism is often problematic if the compound undergoes extensive
metabolism to afford inactive metabolites, or worth still, reactive metabolites. There are

many approaches to address Phase | metabolism issues:
-—M—_—W
d

« (i) Reducing the lipophilicity of the drug; |
Jl~ b=t e (i) Blocking a site of hydroxylation by replacing the hydrogen(s) with
; <" fluorine(s); =
« (iii) Blocking a site of metabolism through cyclization;

« (iv) Eliminating or replacing a functional group with an isostere less susceptible to
metabolism; or

« (v) Changing the chirality near or at the site of metabolism. This makes sense because
the CYP enzymes are chiral, therefore metabolize different chirality differently. If the (R)-

stereochemical center is metabolized, chances are the corresponding (S)-stereochemical
center may be resistant to the metabolism.
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OPC-4392 (151), EDsg = 41 umol/kg, p.o.

M

y

H

aripiprazole (Abilify, 152), EDsg = 0.6 pmol/kg. p.o.

Otsuka/BMS, 2002

The two methyl groups readily underwent
hydroxylation and the diols were further oxidized to
the corresponding inactive carboxylicacids.

Switching the two methyl groups to two chlorine
atoms led to a molecule that is more resistant to the
metabolism. The resulting compound OPC-14597

(aripiprazole, Abilify, 152) is more efficacious with an

EDs.of 0.6 mmol/kg, p.o.
It was approved by the FDA in 2002 as an effective

and unique antipsychotic.
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