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เมแทบอลซึิมจําเพาะ

(Principle of Metabolism)

1. ADME pathways:
Absorption, Distribution, 
Metabolism, and Excretion

2. Xenobiotic metabolism 



ADME

Absorption, Distribution, 
Metabolism, and Excretion

- pharmacokinetics and pharmacology



Inhalation
Ingestion
Dermal--absorption through 

epidermis



Gases into the blood stream
via the alveoli

Copyright from http://upload.wikimedia.org/wikipedia/commons/thumb/8/8b/Alveoli.svg/800px-
Alveoli.svg.png

Copyright from 
http://www.nlm.nih.gov/medlineplus/ency/images/ency/fullsize/8675.jpg



through GI tract
 stomach (acids)
 small intestine
 villi



 epidermis (stratum corneum)
 dermis



Blood
Rate of distribution 
Storage and Binding



Marchetti S et al. The Oncologist 2007;12:927-941

 Carries the agent 
 Site of action
 - organs of storage depots
 - organs of transformation
 - organs of elimination



 blood flow
 characteristics of toxicant

Copyright from http://content.answcdn.com/main/content/img/oxford/Oxford_Body/019852403x.blood-
circulation.2.jpg



Distribution:
Storage and Binding

• Storage in Adipose tissue

• Storage in Bone

• Binding to Plasma proteins



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

Copyright from http://jan.ucc.nau.edu/~doetqp-p/courses/env440/env440_2/lectures/lec25/lec25.2.gif



Distribution:
Storage and Binding: Bone

• Chemicals analogous to Calcium
• - Fluoride, Lead, Strontium



Distribution:
Storage and Binding: Plasma protein  
• - Albumin

Copyright from http://physiologyonline.
physiology.org/content/21/4/259/F1.large.jpg

http://physiologyonline/


Not all organs are affected equally
› greater susceptibility  of the target 

organ
› higher concentration of active 

compound



 oxidative reactions

Copyright from http://www.bioinfo.org.cn/book/biochemistry/chapt22/740.jpg



 Concentrates chemicals

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



 Site of exposure

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



 Oxygen dependent
 Irreversible damage

Copyright from http://www.ieaecell.org/images/images/Neuron.jpg



 Myocardium--oxygen dependent



 Rapid divide



Molecular
Cellular



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



 Molecularly, chemical can interact with 
Proteins   Lipids Carbohydrate   DNA



 Chemical parent compounds are modified by 
enzymatic reactions.

 Objective--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



Compound Without
Metabolism

With
Metabolism

Ethanol 4 weeks 10mL/hr

Phenobarbital 5 months 8hrs

DDT infinity Days to weeks



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

 Biotransformation Pathways
* Phase I--Water soluble production
* Phase II--Conjugation with a soluble endogenous 

agent 



 Urinary excretion
 Exhalation
 Biliary Excretion via Fecal Excretion
 Milk Sweat Saliva



เมแทบอลซึิมของสารแปลกปลอม

(Xenobiotic Metabolism)



Xenobiotic – compound
that is foreign to body

Xenos – “stranger”



Types of Xenobiotic
-Drugs

- Carcionogens
- Environmental 

chemical or pollutants



Types of Xenobiotic
-Drugs
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Types of Xenobiotic
-Carcionogens

Copyright from http://www.live-in-green.com/health_info/problematic_food/carcinogenic/images/grilled_corn.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
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Xenobiotic ADME



Phases of Xenobiotic Metabolism
Phase I – Modification
Phase II – Conjugation
Phase III – Further and Excretion

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



Phases of Xenobiotic Metabolism

Phase I – Modification

- Change to biologic active 
compound (functionalization)

- Catalyzed by Cytochrome P450



Xenobiotic Biotranformation



Phases I of Xenobiotic Metabolism

Cyp P450



Phases I of Xenobiotic Metabolism

Cytochrome P450 
oxidase are 
important enzymes 
in xenobiotic
metabolism.



Cytochrome P450

Copyright from http://www.kms.ac.jp/~xraylab/research/image15.jpg
Copyright from http://www.kms.ac.jp/~xraylab/research/image15.jpg

Iron ion 
(Active site)



Cytochrome P450

Membrane bound 
proteins

Copyright from 
http://www.bio.ilstu.edu/edwards/images/CPRschem-web.jpg

Heme oxygenase (HO) 
C-Reactive  protein (CRP)

http://www.google.co.th/url?sa=t&rct=j&q=crp%20enzyme&source=web&cd=2&cad=rja&sqi=2&ved=0CCsQFjAB&url=http://my.clevelandclinic.org/heart/services/tests/labtests/crp.aspx&ei=dd9gUPL8FYjtrAetyoC4BA&usg=AFQjCNEAjTLi8bsIYYEF8FjaChrwRGpr7A


Cytochrome P450

Copyright from http://www.pnas.org/content/99/10/6725/F8.large.jpg
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Cytochrome P450 

Copyright from 
http://www.uky.edu/Pharmacy/ps/porter/CPR_partners.gif

Oxygenase enzyme 
family in ER



Characterization of Cytochrom P450

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



Characterization of Cytochrom P450

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



Characterization of Cytochrom P450
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Characterization of Cytochrom P450
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Characterization of Cytochrom P450
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Isoenzymes of Cytochrom P450



Characterization of Cytochrom P450
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Characterization of Cytochrom P450
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Characterization of Cytochrom P450

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



Characterization of Cytochrom P450

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



Major pathway of Cytochrom P450 Copyright from http://en.wikipedia.org/wiki/File:Steroidogenesis.svg



Characterization of Cytochrom P450

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



Inducer / Inhibitor of Cytochrom P450

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



Phases of Xenobiotic Metabolism

Phase I – Modification
Phase II – Conjugation
Phase III – Further and Excretion



Phases of Xenobiotic Metabolism

Phase II – Conjugation

Conjugated with charged compounds
- Glucuronic acid * glucuronidation
- Glutathione (GSH) *  GSH conjugation
- Sulfate* sulfation
- Acety-CoA* acetylation



Phase II – Conjugation
1.  Glucuronic acid * glucuronidation
glucuronyl donor : UDP- glucuronic acide

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



Phase II – Conjugation
1.  Glucuronic acid * glucuronidation
glucuronyl donor: UDP- glucuronic acide

Copyright from http://dmd.aspetjournals.org/content/36/3/517.full
glucuronic acide

UDP (uridine diphosphate)



Phase II – Conjugation
1.  glucuronidation
glucuronyl donor : UDP- glucuronic acide

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



Copyright from 
http://www.nature.com/tpj/journal/v3/n3/
fig_tab/6500171f1.html#figure-title

1.  glucuronidation

Phase II – Conjugation



Phase II – Conjugation
2. Glutathione (GSH) *  GSH conjugation

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

- Specific in electrophilic xenobiotics



Phase II – Conjugation
3. Sulfate* sulfation
-Sufate donor : PAPS (adenosine 3’

-phophate-5-phosphosulfate)

Copyright from http://themedicalbiochemistrypage.org/protein-modifications.html



Phase II – Conjugation
3. Sulfate* sulfation

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

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



Phase II – Conjugation
4. Acety-CoA* acetylation

X + AcetylCoA Acetyl – X  + CoA

Copyright from 
http://www.ultimateglucosamine.com/consumers/glycobiology.shtml



Phase II – Conjugation
5. Methyl* metylation

Methyl donor : S-adenosylmethionine

Copyright from 
http://lpi.oregonstate.edu/infocenter/vitamins/vitaminB6/b6diag.html



Phases of Xenobiotic Metabolism

Phase III – Further and Excretion

Gamma-glutamyltransferase or gamma-glutamyl
transpeptidase (also γ-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 III – Further and Excretion

Gamma-glutamyltransferase
( γ-glutamyltransferase, GGT)

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

peptide + 5-L-glutamyl amino acid



Phases of Xenobiotic Metabolism)

Copyright from http://www.slideshare.net/noelmd/xenobiotic-metabolism-2825134
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Covalent binding to macromolecule

1. Cytotoxicity 2. Immunologic 
damage 

3. Mutation



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

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

1. Cytotoxicity



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

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

1. Cytotoxicity



Covalent binding to macromolecule

2. Immunologic 
damage 



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

Copyright from http://uemweb.biomed.cas.cz/Images/lab07 2.jpg



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)
underdeveloped excretory mechanisms
underdeveloped biotransformation enzymes
underdeveloped blood-brain barrier
changes in excretion and metabolism rates, 
body fat



 Nutritional status
 Health conditions
 Previous or Concurrent Exposures

› additive --antagonistic
› synergistic



Lucky in Final Biochemical 
Examination
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