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Phase |l reactions

» Reactions which conjugate the drug or its phase-|
metabolite with a hydrophilic, endogenous species
(conjugation reactions). R

e These endogenous compounds are: | P’J'C.?",a eyl
29T on e | Wb
: : : O el >2) - J
e Glucuronic acid — (Glucurenide r ‘

o Sulfate group _» sulfation

e Amino acid (Glycine) _, .

e Methyl group (as SAM) Methy latron |
~» Acetyl group (as acetyl CoA) actelylatton

e Glutathione (tripeptide)
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Aim of Co njugatibh
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Vlechanism of conjugation
Glucorodination reaction

0 : 3 DRUG
HX
e Nucleophilic attack
ucle
HO Q P
HO
he defici f this w? P d Leavi
The de IClenCy-O nis u A0 EAVi
enzyme in neonates 0 91'[)—(,)/ a D j group j
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‘causes Jaundice \ 6 ek 11|
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Chloramphenicol o S LT
b M on
°* Sometimes UDP-Glucoronyl Transferase enzyme is deticient In
the newborns that their livers are immature after delivery vy
which results in "Neonate Jaundice", in those babies any drug p S
that needs to be conjugated in order to be eliminated will 1}{9

accumulate in their bodies.

* For example '[Chloramphenicol]l, an antibacterial agent, has
two alcohols that can be conjugated so if there is no enough

gluocornide conjugation due to problems in the liver, "Grey=

— <i1dde C/Z@(td

el?aby_'s“""‘ynd'r"o"' me® will be result (Babies that have immature L) o tep)
livers with little amount of UDP-Glucorony! Transferase ~ J#&J! 05 J o=
M )

enzyme so they tend to accumulate (reeo ——w_ o it d A

* Chloramphenicol in their bodies and tré;rpnflh;’lt_lw . R |
color), ng at Grey o s [,1)
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Candidates for Glucurodination
reaction

Groups conjugated to Glucuronic acid

Ammonia : X f All the
(not conjugated) . '\H:' o
nucleophiles
ur<sd
cycle urine can be
—/ conjugated to
Urea /L\ the Glucoronic
s, Lalrhia acid
" Thio! R~ R Sulfide
o O Q ster rically hindered 0 J‘f"’ % d |
Amides /l\ )k N R/LI\I/R ethers R7 R
19,29, n0t3° R~ “NH, R7 N jugate '
no 2 H F'{ (not CO"JU&‘““D[{)}'P_:, Lo Gl ULCA D Ja (\a‘h oY} ?
| o m ethers
 Hydrazine) R~ NH, (Hydrazide R H [vdroxylamine R OH ~ @ Su ' Ff 0{"3
- L0 RENNORS g ST I S —————
WL OH OH r ° '
>
rf,.(nv;ﬂ‘.) )NE\ )Nl\ Q-J 3 Aml AC)
Oximes R R. mm R H ‘or ANY nucleophile... @ Armonra )‘ o
S e —— :

S 1 o | hWandered
eNnsymL Jl o) ¥

aC.F:\/ﬁ po/)’n
Cand'da“es o(: fec\c’uom q:t""" 3! 3—)

| . Y‘g_c\c-ll“?'_)l
O LS sl S |
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Candidates for Glucurodination
reaction

~~ ¢ 1. Aliphatic alcohols, Aromatic alcohols (Phenols)

™~ ¢ 2. Aliphatic amines, Aromatic Amines
>~ e 3, Carboxylic acids ¢

Y e 4. Thiols (but yet sulfides )

~~ ¢ 5 Amides ( but vet 3°amides )
—~ e 6, Thioacids (it’s abundant in liver)

/ﬁ\ and /(l)]\
R OH R SH

7—1«:;0 a c"ol $
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Paracetamol toxicity

acet LA O : vV, | A<
Se,r?:%n L pOF‘)o?N;D:\)

G{“C" raJ\‘v\a\"“i on ¥ __\

. The(Glucoronic acidlstores are large stores in the liver
although they can be consumed and cause toxicity.

« After administration of large toxic dose of certain drug, for

example if a patientadministered 20 tablets of Paracetamolat:

once (each tablet contains 500mg so 20 tablets contain 10g),
Q)L."Q e )

it can reaches the toxic dose because it depleted all the

Glucoronic acid stores and therefore it will start having
toxicity, But under normal clinical doses usually the amount of

Glucoronic acid is enough to help in detoxification of the
drugs.

Scanned with CamScanner


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

COnjugation req

Ctions (the liver uses it t
Sulfate to different ny e

cleophiles).
OH \ FPup
A N -
H N AT '
2 S ( g ﬁ) Sulfate donor is PAPS
. N, 0" | to—s—0 (Phosphorylated
Adenocs. N -
d Nos.ne X/ OH c’g \) Adenosine phospho
M OH ' i sulfate)
R—XH
(PAPS)

Phosphoadenosine 5 lq
S-phosphosulfate ospho (
(sulfate source) f F o Fq‘e

SU/fm‘:‘DW | 1 -Q.J_E -~ b jV‘OMP o~
. 3 okl 4 _ |
% PR sulfate I o dmj J (3
gp T ey geut T }’)QlClef plilie 420 7
~ M.’S‘JLC 'c'u_),)- L’-*-:':"l I.Lﬁ UA q+~ack .
" S5 50\ - albs LU Lgle
TS 0w sulfue LIL G315 75 paps Ol
O Lp | cetoriication |5 Jroup Z[ .~ gonov
L P . .
s 3"°“Psu,fate LONnjugation
T ———
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5 Lp |
ern ;;u Sulfate conjugation

Sulfuric acid

Strong
| .e O
& Lo ¢— | R-xH i
PLaL:g ' XTﬁ_O" : - /x——,S, OH
— }(. = 09 N O R O
Con)j u gateiny -
This acid is found in plasma in the form of
sulfate, which can be eliminated in the urine,
cause it’s ionizable
» H
M, o
t, O

Sulfate (plasma) —= \/CV}/ Hl
S e (u ‘3 L(/
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Candidates for sulfation

Candidates for sulfation

1. phenols (Aromatic alcohols) (not aliphatic) (“)
2. Anilines (Aromatic amines) (not aliphatic) 48"'110‘
3. Hydroxyl amines 0 })H

Majority of the sulfation process happens on the internal

substrates like: (Bile salts, stergidal hormones such as
testosterones, estrogens)

sul f o ¢ 248 €= Estrogen female sex hormone
3T oy
) pP2 LE puu)
"})-\{:\g.‘[. Lo Od\.bl ‘
Glwce rodbease
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Paracetamol

Paracctamol

If taken in a ¢lini - :
€n in a clinical low dose we will see it in tHe urine as follows:

* 1.50% Sulfate conjugate
*  2.50% Glucuronide conjugate

* If th.e dose is high the majority of the dose is excreted as Glucuronide
conjugate

. Th.e amounts of sulfates in the liver are much lower than the Glucoronic
acid, fqr example the three previous groups that can be sulfated also can
be conjugated to Glucoronic acid, so under low clinical doses there is a
competition between sulfate conjugation and glucoronide conjugation
(50:50), but if the clinical dose iIncreases the sulfate will be reduced
(depleted) and the glucoronide will be higher than it (higher clinical doses
results in depletion of the sulfate and therefore the glucoronide will be
higher than the sulfate).

This sulfation is very Important for
some hormones

O Estradiol-sulfate
can't enter cells
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. 1 oA 100% ide conjugate
Glucaoronide 4 $-mv o Glucuron ]

Sulphate stores '

e df‘; depleted q w‘ L 0% N quifate conjugate (sulfate storage is depleted) Jo‘f.)

/-&,-> {dangerous reaction}
Lt o fcypiso

Micheal acceptoris 4225 . |

a very reactive and Lol

very toxic that can o

react with any .,.o’ Ju

nucleophile el | { ‘..
e Micheal i3

‘ acceptor 1oy s
A C-) Cy P qS o CJ> = C‘J O—8—0. ;\midaqi§inonc N-acetyleysteine —23 ArY
- 09 NH e OH _cip s amcerme o) S
iy foup .
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o e T T 029705 T AmiIROAGH conjugation

vCarboxylic acids are the only substrates foram cid conjugation

O

i L
» They are normally added to carboxylic acrds HO Qﬁ/l\/‘ NH,
‘ thmc! OH i Ghut: nmncj CA« O\ —>
@ CGnJucd cJ

sly5J) U_gd 0, .
(J), O 1) ATP '
o @ st - )L( cox active
actived) J 4= R "OH "UNaR
\/\JH
i stk ﬁom Glycine
_JJ
Glutammc )J"ZU 7 -)>
This reaction is catalyzed by Glycine transferase Nuclu P“ IV c
or Glutamine transferase A FGCK

8\0445 COA M M=
0¥ ajoool ]gav.‘::) grouf)
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&y Example
Lt yp 7
. Aminoacid OH nuclupih'c attach
(J—Lf— 0\(;\’\\}0*\01\\)1,70_.) O\i‘ uj,b]u-l_c NH C}&
7 Carboxylic I (H : NSIBVIRIINTE
xcid ‘ 2 o R
oy poxylic P2 N { ~ | e s /
‘ e, ~ Son ~7 o o U 0940 ¥
QS pPrns é_-lSalicy!ic acid ) , _)f'_"'o- <
S, ctie : ' e '
a4y abl)  OR W.Sol:ble, al S, Sl Ay Glucorinidation
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Fate of carboxylic acids in the body

%ﬁ a”a ! mwm [’l
Q’m:gawn“
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O

“Grely C—ch Acylation reactions

Pl Candidates for this reaction

~J ¢ 1. Aromatic amines (sulfanomides )

o . H
v,>1 ~ e 2 Hydrazines N
35 5 R I\Hz
Sy .
ole e 3. Hydrazides (izoniezidd g

N

vé ' \
3 RN \“/ NH,

O
~» Secondary and tertiary amines are not

acetylated.

"t;tﬂ;ol O£ chLc....C—%
o .
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Important facts about acetylation

, First Fact: People are divided into two groups according to the Acetylation:
f * A-Slow acetylators 50% — & ' o) \,._Lzﬂ — =22 sJ!

* B- Fast acetylators 50% b’

* S0 before giving the Drug to a patient we should check if our patient is a slow or a
fast acetylator especially if the drug is to be given for long period of time.

For example "Isoniazide" drug that used for tuberculosis against Mycobacterium
should be taken for long period of timé (the treatment duration is 6 months to 2
.years), so if the patient was fast acetylator we have to modify the dose (increase
the dose) to accommodate the fact the individual is a fast acetylator while if the
patient was a slow acetylator we have to decrease the dose.

L\ olfo‘z,-JC.

k. w‘c Cl'\aw\

ce}y lql\ OAWJ.;T/.D_J
\.Azu)j_.\\ OJJM,QJ > LD g
U)J-PUJ.- ‘ JJlLMN

' Yeces JI N

; 5 D llmm azid | (1nactive) EQE
l \)‘J\ U~°_,£\-’ [(active)] L@e ZJ k'-'))’

v A st vandiaal '« >

Tconiazed)) O.éﬁ:_’ La J*—9

0 oY Jud) piay y4
j} -CH; fast /Slow o400

QCG}y’C\-’O\f
)__,.)\ q,sf Q_/U D

- - -~
Wﬁ-“" I

Scanned with CamScanner


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

Second fact

We said : Dh TLLI——
ﬁwalm of Phase 2 reactions Is‘increasing the water solubility
OTithecompaounds, but in

TR Py B Acetylation we are adding an acetyl group to the
mpoundwhich increases its lipophilicity J! J solubitty

SO A.ce.tyla?tlor.\ makes the compounds less water soluble and leads to their
Precipitation in the kidney and causes "Crystalluria" or "Kidney stones"

O
|
AC&’L v -CoA — SARLPET NH, HNJ\CH:@
Qcety | o900 |
- e t Acetyl-CoA
. , _ X
0\.@*“!&0\4:0@5\ g |
\ao.sg'je A AUl L)1 Qe —_ EER
. R/NH R/NH
acetylzedion (7 P0 La) <— [Silfonmiae cause
e oE _ﬂi 5 L Q\ B . crystalluria

CY‘V)"CA ‘\ \A(‘;O\ —e@‘w
325 00 p3d the O\l
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Example

e The product in this case is less soluble than
the starting drug (special case)

Acetyl CoA | /
Acctyl donor
HN

. N /\/N
| [ :] H
Ayomatic & H>N

AN ! NS Procainanude

N-acetylprocainamide
pharmacologically active
non-iomzable

Nu attack
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Metabolism of sulfonamides
Antibacterial drugs

(vt i
HN/u\

Gccﬂlti(aa
e === —>

HN
SR O=5=—=0
Y
LSulfa drugs) \R
ot Not soluble , precipitates in kidnies
S e = Cause of that we recomend to drink a lot of
L_::.,_{>. O) ) water during the intake of such drug

5] l\/lethylation reaction

/{A b\'? I - g
gf’oup ol
* Candidates for this reaction:

° 1. Amines
2. Alcohols

* 3. Catechols (majority)
° 5. Resorcinol

* 6. Hydroquinones OH/\QR
Resorcino
HOO on o

A

l Calicm:s
Hydroquinones Q: m c!smpluin and norclxinc phrin
Ay - : : Ol
2 Meta L2 orthe [oH) Group
Position
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HO

Catechols

VT Catichiols “O=meihyliransferase enzyme —> A Lyl

"helps in methylation reaction”

' )
= I A
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s-Adenosylmethionine SAM
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ﬁi@%f'gL Btazﬂi_gne gr Mercaptouric Acid
- g palen > _Conjugation

Jaa (xa

T\
: s CFIDEBHER: [vahtCaa = 2. @
GSH istripeptide: [y-glutamyl cysteinyl glycine] found in most

tissues.
Glutathione combines with i .
: . activated drug (GSH is net

) the drivi ' o 2
ble O, (._Sm%”g force fO@ th}ns reaction is the electrophilicity of -» o'
ate (e.g. arene oxide and eg%xide) & the reactivity of kL

nucleophilic GSH towards elecrtophilic substrates. Glutakhions
* GSH may prevent any d | 0 o
9T A o T Yy damage occurrin

: | g to macromolecules { e
ey e DNA, RNA |, Proteins ) by somemactivatednarisensmms N vy

DNA _RNh 31 considered asudetoxifiin

ot i S‘}‘f‘or\j(
thatefunctionutomprotaet ¢ lectrophi'|

> S -

Protiens TR e T . S
ular macromnr e e ———
St b1 O omolecules agamst-harmful‘electrophlles. *”,SP"

Clechveghilic 00 1L OLb youd | L’"‘LLCJL;S Y 9:1@.’»
TN R i ~ -
rivoXide Jepoxide. OO 29! 0 %Sy Glukathione Lo
Lo _ps ppd
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Donor : Glutathione tripeptide =

: Cysteine + glutamine +
( activated inside the bod $ glycine

Hiow= Oysteines o= " — .
3 N | NFz2 R
r— | | : ‘Glutamine = [y +
¥ . N C-CHZ-CHz-CH COOH.
;, & e Do ————
‘ : _‘_ o o e NH -CH,-COOH - Glycme - a
e pucluphle I3 — Ot

HS — Clutaths ) . mae Nu: thiol

group utatione L——' essential
Ty steinJ | | Acceptor':| Electrophilic species ( electron deffecient ) : Z

e.g . Alkyl or aryl- halide , Epoxide , Chlorinated nitro compound , Organic nitrate
& Conjugated enone

R
NO, ﬁ R
O\G:Q.\O‘i‘o 'S O—cs O-Cl HC=C C—R @ s
R
Cl \—» Electrophiic o Glutathione l
i
Akyl or o

: Chilorinated Cenjugated o
aryl halide nitro comp. enone =poxide
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GSH or Mercapturic Acid Conjugates

e Glutathione (GSH) protects vital cellular
constituents against chemically reactive
species by virtue of its nucleophilic SH group.

e The SHgroupreacts with electron=deficient
compounds to form S-substituted GSH adducts

+ 8 -0
GSH/“*(I:HQ-.-\:&M GSWC‘)Hz + HX
R R
R = Alkyl, Aryl, Benzylic, Allvlic
X =Br, Cl, 1, 080, , OS0,R, OPO(OR).
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GSH or Mercapturic Acid Conjugates

O\AO‘;C{"' ) NH elfo&’o ' NH
Gluta 4 O NH * 2.5 T ™ |
- Glutaadl ~ . ) - c CH, _C—~COOH ~ CH,_C=COOH
S | e oS /Hz\C{"H{ \ZCH'; \ g?c{-H NCH, TH
bransferae - . [ 4 ; [Caret
Ele chrophinic N &0 [eamimy & o N
P VAl C Substrate o/ \N/ \COOH S-Translerasze O»/"' \N/ ~°
Substvate S i ol oot S
Biiaiions o S XU Gutathvone Adduct
| g J / or Conjugale
v-Ghtamyt |/ Aming Acid {AA)
Traﬂspeptidasel/
{Microsomal) §j
0 Lo

i
C
NH o s
C //H 0 COA

3 e — E8 Hy
N-ReRlylase
8- {Microsomal)
Z N
QO QH
Mercapturio
Acrd Deravalive
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