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(Principle of Metabolism)

1. ADME pathways:

Absorption, Distribution,
Metabolism, and Excretion

2. Xenobhiotic metabolism



ADME

Absorption, Distribution,
Metabolism, and Excretion

- pharmacokinetics and pharmacology




Absorption:

ability of a chemical to enter the blood
(blood is in equilibrium with tissues)

Inhalation
Ingestion

Dermal--absorption through
epidermis



Absorption: Inhalation

Gases Into the blood stream

via the alveoli
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~ Abso rption:Ingestion

throu ghGI tract
small intestine

villi+
3/_-,:' Hepatic

portal vein

To Liver

Muscle .
layers

Intestine



- Absorption: Dermal absorption
epidermis (stratum corneum)
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Distribution:

the process in which a chemical agent
translocates throughout the body

Blood
Rate of distribution
Storage and Binding



Distribution: Blood

Carries the agent BLOOD-BRAIN

BARRIER

Site of action

- organs of storage depots s
- organs of transformation

- organs of elimination

endothelial cell

INTESTINE

APICAL ‘T |" BASAL Placenta

KIDNEY SUPRARENAL
GLAND

Gland

Renal tubular
epithelial cell

Suprarenal gland
epithelium

PLACENTA

Chorionic villi section

Syncytiotrophoblast

* Inteste |
! : Blood q [tervill ;
Intestinal cor ntervillous Fetal capilary
\ lumen space endothelum
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' epithelial cel blood Stona

Blood
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membrane
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Distribution: Rate of dlstrlbutlon

blood flow =7 Head T Tea
characteristics of toxicant
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Distribution:
Storage and Binding

e Storage in Adipose tissue

e Storage in Bone

e Binding to Plasma proteins



Distribution:
Storage and Binding: Adipose tissue
* lipophylic compounds (DDT)

s E DDT
- 3 Kapenta -“ig.
—— 1600 ;{3 .

icula africana
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- Storage and Binding: Bone
e Chemicals analogous to Calcium

- Fluoride, Lead, Strontium
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Osteon L ok
_.-?
(Haversian system) — gf"" r ¥ ‘L‘
) / 2 2=
V.7 Circumferential 4 3

| - lamellae

o
: Lamellae ) /|/§ E-. ..
\ ;

Lacuna

/ « J" Canaliculus
.?, ¥y — Central (Haversian) canal
\ 3 W < Blood vessel continues
% =8 ! / —— into medullary cavity
% . g .' 18 ( : containing marrow Osteon
Perforating - =1 1 —" == 1} Spongy bone
(Sharpey’s) = ) 4 A
fibers A== i '.}rr .
Compact =Y
bone -
Periosteal ,
blood vessel | =L Central (Haversian) canal
Periosteum — ' Perforating (Volkmann's) canal

-—— Blood vessel

(a) .
Interstitial

canal lamellae
Copyright @ 2004 Pearson Education, Ine,, publishing as Benjamin Cunmings



Distribution:
Storage and Binding: Plasma protein
- Albumin

Lipoprotein FA/Albumin
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http://physiologyonline/

Target Organs

Not all organs are affected equally

greater susceptibility of the target
organ

higher concentration of active
compound



‘Target Organs: Liver

oxidative reactions

Liver lipids

Plasms
hipoproteins

Free fatty

acids in

blood

B axidation

Sterond
hormones Bile salts

L ﬂhnl‘tttﬂﬂ

Ketone
badias
in blood

Oz  Hy0
COg oxidative
phosphiarrylation
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\farget Organs: Kidney
8oncentrates chemicals

How the kidney works

Clean blood

Renal vein -

Blood with

Copyright from http://www.health32.com/wp-content/uploads/2010/07/kidney_eng.gif



Lung cancer

Copyright from http://www.beltina.org/pics/lung_cancer.jpg m



axon 1o synaptic Myelin sheath protects
knob . axon and facilitates
conduction of electrical

signal

Receptar cells Hhﬁﬁml electrical
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\Ta rget Organs: Bone marrow / intestinal

mucosa
Rapid divide
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Target Sites:
Mechanisms of Action

Molecular
Cellular



Target Sites:
Mechanisms of Action

Cellularly, chemical can
Interfere with receptor-ligand binding
Interfere with membrane function
Interfere with cellular energy production
bind to biomolecules
perturb homeostasis (Ca)




Target Sites:
Mechanisms of Action

Molecularly, chemical can interact with
Proteins Lipids Carbohydrate DNA



Metabolism

Chemical parent compounds are modified by
enzymatic reactions.

Obijective--make more Water soluble and
easier to excrete

decrease lipid solubility
decrease amount at target

Increase ionization
Increase excretion rate --> decrease toxicity

Bioactivation--Biotransformation can result in the
formation of reactive metabolites



Biotransformation (Metabolism)

Compound Without With
Metabolism Metabolism

Ethanol 4 weeks 10mL/hr

Phenobarbital 5 months 8hrs

DDT Infinity Days to weeks



Biotransformation

Main organs
High - LIVER
Medium - Lung, Kidney, Intestine
Low - Others

Biotransformation Pathways
Phase I--Water soluble production

Phase I11--Conjugation with a soluble endogenous
agent



Excretion:
Toxicants are eliminated from the body

Urinary excretion

Exhalation

Biliary Excretion via Fecal Excretion
Milk Sweat Saliva
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(Xenobiotic Metabolism)




Xenos = “stranger”

Xenobiotic - compound
that is foreign to body




Types of Xenobiotic
-Drugs
- Carcionogens

- Environmental
chemical or pollutants




Types of Xenobiotic
-Drugs

44
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Types of Xenobiotic
-Carcionogens

Copyright from http://innershell.ca/blog/wp-content/uploads/2009/10/IMGP2359.jpg
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Types of Xenobiotic

-Environmental
chemical or pollutants

Copyright from http://www.promma.ac.th/main/chemistry/boonrawd_site/images/Air_Pollution3.jpg



Xenobiotic ADME
Xenobiotic ADME
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Phases of Xenobiotic Metabolism

Phase | = Modification

Phase Il = Conjugation

Phase Il = Further and Excretion
Cellular Response to Xenobiotics

Copyright from http://www:.slideshare.net/noelmd/xenobiotic-metabolism-2825134

Cytochrome P450

Reactive
Metabolite
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Drug effect Adverse :
¥ drug Non—Tm:'lc
I Toxic effects I effects etabolite




Phases of Xenobiotic Metabolism

Phase | = Modification

= Change to biologic active
compound (functionalization)

= Catalyzed by Cytochrome P450

|



|

Xenobiotics: Fates

TG =3 Toxicity
Metabolite

Altered

Active Activity
| Metabolite

_ Enhanced

Xenobiotic Inactive
~|  Metabolite \

Loss of

Reversible Activity
Metabolite

o — \ Prolonged
?ﬁ"ﬁ"‘““‘ Activity

welaboliem-2825134



Phases 1 of Xenobiotic Metabolism

Electrophiles

Lipophilic R—R R=0 >  R-SG
v/ zlutathione

Oxidation L conjugation
yp P450 Hydrophilic

R Phase | Phasg I
Hydrolysis . = H—SDHH
Reduction /" Suffatior .
A L HE Acetylation ¢
Nucleophiles \ »> R-G

Glucuronidation
e Iiﬁﬁ'l_nflﬁﬂ'ﬂ.fr’




Phases I of Xenobiotic Metabolism

Coppripht frem bty Vo wibipodis.org/wilif Fe:CYP2EI_10G2pes

Cytochrome P450
oxidase are
Important enzymes

IN Xenobiotic
metabolism.




lron ion
(Active site)
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Cytochrome P450

x ~70 P450s

x 1-100's
of substrates

o .l-”.rullh..i. -.q
- =N

\%
Cytochrome P450s

Lumen

\
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Cytochrome P450

Reductase P-45(0
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fgtochrome P450

monooxyfenase

Squalene ==

P450
Reductase

7-Dehydro-
cholesterol 1
reductase
Cytochrome
\j / by
Sterol -[L
hiosymthesis
Dasaturase,

Elongase

Heme
oxygenase

Heme catabolism

Cytochromes Drug, xenobiotic metabolism
P450 Sterol, bile acid synthesis
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Characterization of Cytochrom P450

1. large # of Isoforms (150): Nomenclature

Family
m individual #
Cytochrome Subfamily

CYP1A1

- Gene encndin_g fa_r CYP1 Aﬂ




Characterization of Cytochrom P450

2. hemoproteins, like herp_gglubip

| A = ! )
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e \ |
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Characterization of Cytochrom P450

3. widely distributed among species

P450-containing systems fall into two major
classes:

» bacterial/mitochondrial (type I)
» microsomal (type II)

Cristae”

Mairix

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134



Characterization of Cytochrom P450

4. Microsomal - membranes of the smooth
endoplasmic reticulum, mostly in liver
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Hepatic microsomes - cytochrome P450
comprise nearly 20% of total proteins

Copyright from http:// slideshare.net/noelmd/xenobiotic-metabolism-2825134



Characterization of Cytochrom P450

5. Multiple isoforms with wide and
overlapping substrate specificities

. Xenobiotics

» endogenous compounds - steroids,
gicosanoids, fatty acids, retinoids, etc.

rom http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134



Isoenzymes of Cytochrom P450

Family Function Members Names
: : 3 subfamilies, 3
cypq |Oru9 and steroid (especially | /s 1 CYP1A1, CYP1A2, CYP1B1
estrogen) metabolism
pseudogene

CYP2Ab, CYP2LAT, CYP2A13, CYPF2B6,
CYP20C8, CYP209, CYF2018, CYP2C19,
CYP2Db, CYPZ2E1, CYP2ZF1, CYF2)2,

13 subfamilies, 16
CYP2 | drug and steroid metabolism genes, 16

P CYP2R1, CYP2S1, CYP2U1, CYP2WH1
R . 1 subfamily, 4
d d steroid (includ
CYE N e e PO R genes, 2 CYP3A4, CYP3AS5, CYP3AT, CYP3A43
testosterone) metabolism
pseudogenes

Eubsgraats s

LY P1AZ Amarnplyne Betaxolol, Caffesne, ClOomsprammne, Chorapine .
Chlorpromazins. Filuvonamine, Halopendol, Tmipramina,
Clanrapgines Ondansatron . Progeancial, Tacriinse, Theophyilline,
Yarapamul. {R)}-Warfarin

CY'P2AG Coumarin, Baetadeamnsa, Micotarns

CYP209 Avmitriplyline. hchofanac, Demadex, Fhueaxsalina, |lbuprofaen,
Losartan, Maproxen, Phenytoin, Piroxicam, Tolbutamide
(S-WWarfarmn

LY P2019 Armatriptyline . Citalopram, Clomapramins, Diazeparm,
i ar T =, OHmiaprar ok




Characterization of Cytochrom P450

H—H_O 6. NADPH, not NADH, is
involved in the reaction

NH., .
| mechanism of
N cytochrome P450

-

—P

" OH gy

Il Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134



Characterization of Cytochrom P450

/. Lipids are important

components of

cytochrome P450

. |Phosphatidylcholine),
major lipid found in
membranes of ER, is
the preferred lipid

1"_ - Carrolwdrata chaing
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& IR .
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Characterization of Cytochrom P450

8. Most isoforms of cytochrome P450
are inducible

» example 1:|Phenobarbitaljinduces

hypertrophy of SER < 3-4 fold increase in
cytochrome P450 = Tmetabnlism cnf[warfarin

< Inadequate dosage

» example 2:|Ethanoljinduces CYP2E1 which
metabolizes chemicals found in{tobacco|
smoke - carcinogenicity - {risk of ca

0
NCer
frﬂ m S m D k I n g Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-28(




Characterization of Cytochrom P450

9. Isoforms of cytochrome P450 are
particularly involved in the metabolism of
Polycyclic Aromatic Hydrocarbons (PAHS)

» formerly called Aromatic Hydrocarbon
Hydroxylases

» involved in the metabolism of PAHs and in
carcinogenesis produced by PAHs

CYP
Inactive PAHs \ active carcinogens

(Cigarette smoke)

Smokers have higher levels
of this enzyme than non-smokers

yil

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-282511




Major pathway of Cytochrom P450
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Characterization of Cytochrom P450

10. Polymorphism

,exist in different forms, some of which
exnibit higher or lower catalytic activity

» responsible for the variations of drug
responses noted among many patients

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134 ‘




Inducer / Inhibitor of Cytochrom P450

inducers

CYP1A2 Cigarette Smoke, Fhenobarbital, Encxacin, Ciprofloxacin,

Ritonavir. Carbamazepna Grepafoxacin,
Charbroilad Foods, Vegetablas, Fluvoxamineg, Fluoxating
Omeprazoke MNefarodons

CYP2AB Barbiturates

CYP2C9 | Rifampin, Carbamazepine, Amiodarone, Fluvastatin,
Ethanci, Phanytoin Fluvoxamine. Fluoxeting,
Fluconazole. NMiconazos.
Metronidazode Rilonavi,

Sulfamethoxazole

CYP2C19 | Rifampin Fluvoxamine, Fluoxeting
Ticlopdine, Ritonawvir

CYPZD6 Pragnancy Quinidine, Fluocxatine
Paroxating, Sertraline,
Thiordazineg, Cimetidine,
Diphenhydramine
Halkoperidol, Tickopidine
(Tichd), Ritonavir

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134



Phases of Xenobiotic Metabolism

Phase | = Modification

Phase Il = Conjugation
Phase 111 = Further and Excretion




Phases of Xenobiotic Metabolism

Phase Il = Conjugation

Conjugated with charged compounds
= Glucuronic acid * glucuronidation
= Glutathione (G$H) * GS$H conjugation
= Sulfate* sulfation
= Acety~-CoA* acetylation




Phase Il = Conjugation

1. Glucuronic acid * glucuronidation
glucuronyl donor s UDP- glucuronic acide

HDWE
#.;;;. {PD 2 O
4 1
H——OH H——OH OH
HO <" OH
HO——H HO——H 3
OH OH
H——OH H——OH 0
H——OH H——OH ; 0. 4
) H
~SOH 07 NOH OH N on
HO

Glucose Glucuronic acid H ':' H

Copyright from http://www.thefullwiki.org/Uronic_acids




Phase Il = Conjugation

1. Glucuronic acid * glucuronidation
glucuronyl donors UDP- glucuronic acide

A O UDP wuridine diphosphate)
1
o |8 |
OH O NH
N i o) |
o_p G L
OH L /! "O—P N O
‘|I b
o- © O

OH OH

Convriaht from httn://dmd aspetiournals.ora/content/36/3/517 full



Phase Il = Conjugation

Copyright from http://www.pu-toyama.ac.jp/BR/sakaki/en/

[ Glucuromid & I

Glucose 1
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R H

UDP- GlcUA,




‘Phatse Il = Conjugation

Lipophilic substrate

D

Therapeutic drugs Bilary acids
Carcinogens Steroids
Environmental toxicants Retinoic acids
Dietary constituents Fatty acids
Bilirubin
UGT
Lys-Lys
CYTOPLASM COO
= UDPGIcA
TONEN Co-substrate
"H,N
Hydrophilic '
B-D-glucuronide
Copyright from COOH
http://www.nature.com/tpj/journal/v3/n3/
fig_tab/6500171f1.html#figure-title OH R (-OH, -NH,, -SH, -COOH)

Excretion

v

HO

O
OH

Bile, urine



Phase Il = Conjugation
2. Glutathione (G$H) * G$H conjugation

Electraphile (E)

H“ hrH (SH Slrinsferases E;E 'F'E
b4 sGCysGly = +GinCysly GluCysGly

Copyright from
http://pharmrev.aspetjournals.org/content/50/3/335/F2.large.jpg

= $pecific in electrophilic xenobiotics




Phase Il = Conjugation
3. Sulfate* sulfation

-Sufate donor s PAPS (adenosine 3’
~phophate-5-phosphosulfate)

2 ATP + SO,

— =y L
.
,

3'-phosphoadenosine 5'-phosphosulfate
(PAPS)
Copyright from http://themedicalbiochemistrypage.org/protein-modifications.html



Phase Il = Conjugation

3. Sulfate* sulfation

-$ufate donor s PAPS (adenosine 3’
~phophate-5-phosphosulfate)

Sulfotransferase

L B B B
i e R i

PAPS PAP | HO:S

Copyright from http://sulfosite.mbc.nctu.edu.tw/1.0/




Phase Il = Conjugation
4. Acety-CoA* acetylation

X + AcetylCoA > Acetyl = X + CoA

ACETATE + CoA + ATP

l ACETYL ColA SYNTHESTASE

ACETYL COENZYME A

!

AMINE - 6 - PHOS -

S

I‘-.IHE

Copyright from CH
http://www.ultimateglucosamine.com/consumers/glycobiology.shtmi



Phase Il = Conjugation
5. Methyl* metylation

Methyl donor : $~adenosyimethionine

ATP Pi + PPi
mmﬁama . \
TH-" - :Fl:ilﬂtﬂ' m“-"-:-ﬁrﬂ >

e e r= U Mathyltransfarase
S-Methyl THs — | Folate Homocysteine S-Adenosyl- Melimy-
homocysteine /

| Vitamin By [J ; X

; Adenosine

i Copyright from
n
C?E.EI e http://Ipi.oregonstate.edu/infocenter/vitamins/vitaminB6/b6diag.html



Phases of Xenobiotic Metabolism

Phase 111 = Further and Excretion

Gamma-glutamyltransferase or gamma-glutamyl
transpeptidase (also y-glutamyltransferase, GGT, GGTP,
gamma-GT) (EC 2.3.2.2)

- Transfer gamma-glutamyl functional groups across the
cellular membrane

- A diagnostic marker in medicine as same as alkaline
phosphatase (ALP)




—

Phase Il = Further and Excretion

( s-L-glutamyl )-peptide +an amino acid

Gamma-glutamyltransferase
( y-glutamyltransferase, GGT)

peptide + s-L-glutamylamino acid




Phases of Xenobiotic Metabolism)
Cellular Response to Xenobiotics

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134

Cytochrome P450

e Reactive L.
Metabolite
\

Drug effect Adverse
drug Non-Toxic

;
I Toxic effects \ effects etabolite
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Cytochrome P450

Reactive =
, Metabolite
Drug effect Ad::erse
v drug

I Toxic effects \ effects

| Covalent binding to macromolecule |

‘1. Cytotoxicity‘ 2. In(}munologic ‘ 3. Mutation ‘
amage




‘ Covalent binding to macromolecule

| 1. Cytotoxicity

A. Directly cytotoxic

e.g. Mercury, lead, iron, cancer chemotherapeutic agents

- directly interacting with plasma membrane

- Interacting with glutathione and weakening antioxidant
defences causing plasma membrane injury




‘ Covalent binding to macromolecule

"

| 1. Cytotoxicity | f N
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Lipid peroxidation Inner mitochondrial
Membrane damage

Copyright from http://www.medic.usm.my/~pathology/tissue.htm




‘ Covalent binding to macromolecule

| 1. Cytotoxicity

B. Indirectly Cytotoxic

- toxic metabolites

e.g. Acetaminophen, carbon tetrachloride,
bromobezene

-metabolised by the mixed function oxidase
system of SER

-membrane damage is initiated by metabolites
or by activated oxygen species formed during
the metabolism of the toxin.




‘ Covalent binding to macromolecule

| 1. Cytotoxicity | f \1

GSSG GsSH I
| FE'::""' ..
Fa- : : )
O

/ —
Lipid peroxidation Inner mitochondrial
Membrane damage
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Covalent binding to macromolecule

2. Immunologic
damage

Medscapes www.medscape.com
Polymorphonuclear
o T TS m———— Ieuhc::'_-.-'te
r__--" B ?
== Haparin = e e e e L *’Z:
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o Tizsua injury
and
P fatal damage

Source: Mat Clin Pract Rhaum & 2007 Mature Publishing Group



‘ Covalent binding to macromolecule

3. Mutation ‘

GENETIC (DNA) ALTERATION

Causes of DNA abnormalities

-Acquired genetic abnormalities i.e. acquired during life
due to external factors

Effects of DNA abnormalities

- Failure of synthesis of structural proteins
- Failure of mitosis

- Failure of growth-regulating proteins

- Failure of enzyme synthesis




Covalent binding to macromolecule ‘

3. Mutation |

air enzymes
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Individual Susceptibility

Genetics-species, strain variation, interindividual
variations (yet still can extrapolate between
mammals--similar biological mechanisms)

Gender (gasoline nephrotox in male mice only)

Age--young (old too)

unc
unc

unc

erc
erc

erd

eve
eve
eEve

O
O
O

0€EC
0€EC

0€EC

excretory mechanisms
biotransformation enzymes
blood-brain barrier

changes in excretion and metabolism rates,
body fat



Individual Susceptibility

Nutritional status
Health conditions

Previous or Concurrent Exposures
additive --antagonistic
synergistic
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