
For some chemical structural reasons, some molecules bind with their receptors and 
they produce response (we call them agonists) while others bind with their receptors 
and they produce no response (we call them antagonists/blockers/inhibitors (bind to 
the receptor and prevent agonists to bind to the receptor)).
Why do we have agonists and antagonists?
We have certain structural features in the drug make it agonistic or antagonistic.

For any organic molecule to cross the physiological membrane it has to have 
certain optimum partition coefficient, and has to be unionized
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In this course wewill continue talk about
↑Metabolism /Metabolic ran)
Anychemical you done by enzymes respecially liver enzymes) on any chemical structure lendogenous
orexogenous

#Prodrugs
Medicinal compounds that are inactive and they need to be activated in vivo.

Theories of Drug Action
Try to answer why do have agonists and antagonistWe S

sand S have &1Both agonist autagonist affinity to their receptors
&Affinity: - Drugs tend to bird and form complexes with their receptors

Metabolism
What is the most important organ that performs metabolic rans isThe liver
Where?The liver the main site Iwe might see metabolic bus in other organs kidney, plasma,

skin or brain)

Why ?DetoxificationI To terminate the biological activity of or anic moleculesG
How ? By inhancing hydrophilicity Hydrophilic-bToxic

Why does hydrophilicity terminate the biological activity

↓ Unionized ② has optimum partition coefficient
phosphate heads>85 M-ve charges 91s.21 --a Imust be soluble in water and oil) iWils

-

(repulsion)D----a
- -8

&
->- -0% optimalpartition coefficient P= 100

it adsorbed atphosphate leadi- -a logt =2[S]o
= 100physiological membrane (11g9: 24 charged 181! s P=-

[S]w↳forgharmacological use is noctanomust be buffered similar to phospholipid
at pH= 7.4-7.5 How

Next Page
,

ing

e

w

S



 شم طقف مدلاب عزوم انعبت اودلا هتانعم volume of distribution is 5L لا هنإ انلق ول 5L همجح مدلا
.blood vessels لا ارب علطي رداق
 well انعبت اودلا هتانعم volume of distribution is 40L لا هنإ انلق ول interstitial fluid = 40L لا مجح

distributed )لل لصوو مدلا نم علط interstitial fluid( 
 مهنمض نم body compartments لا لك ربعي رداق هنا فرعنبف p=100 (logP=2) هدنع اناود ناك اذإ
)هربع ام يشإ لضام هتانعم هربع اودلا اذإ( brain لا وه يللا compartment بعصأ

 مهدنع نوكب يللا ىضرVا ضعب
 لا نكمم دبكلاب لكاشم

albumin لاب علطيو رمي urine

 علطتب يللا ارفصلا ةداVا يه :Bile لا
 gallbladder لاع حورتب دبكلا نم
 intestine لاع لزنتب نيدعبو

↳
Golden number

9=100 llogp=2) will pass through the membranes- very wide volume of distribution

hydrophilic &51 sl ,↳ p=0
The more hydrophilic a drug is ->The more it get's trapped inside the blood Iplasmal

10/wist
2,%molecular wit = 300-500 -> ↳ Once it's filtered inside the renal tubules it gets trapped there

by both mechanisms ↳ to be eleminated (urives)5
.
So-&51mi) molecular wit(300&

-↳ Easier to be secreted in the bile molecular wit >500 relarge molecules
In liver there is active secretion into the bile
Molecules that are hydrophilic and polar they tend to be actively
secreted in the bile

efferent afferent
arterial arterial

in Glomerulus-- any thing
& & Ibuilding block

below 67080 Daltons & renal tubules
(Albumin size) is filtered Filtration

of H2O,Nat,
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leverything metabolites) (Nat
, Ket,a.a.,
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passive diffusion
For Drugs
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renal tubules (111.

Metabolism occurs in two steps :

- Phase I metabolic rous functionalization) ladd functional group Imost often - H

- Phase-metabolic rans (Conjugation) IxGlucuronic acidl
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. هاد الدواء عشان يكون250dalton ، كمان وزنته two donors and two acceptors، عنده  lipinskisبيحقق شروط 
antiepilepticويقدر يعبر ال bbbلازم ال logP =2 بالتالي ،it can cross all body compartments.

renal وبيرجع للدم؛ إذًا هالمركب مقاوم للreabsorption بس بعدها بيصيرله renal systemهاد المركب بيصيرله فلترة بال
elimination وال biliary elimination لأنه مو hydrophilic فما بيصيرله active secretionوبيضل بالجسم ،

 ساعات أو أكثر- ٦ طويلة نسبيًا ممكن توصل half life-ال

in the form of بيصيرله تخزين gluc. كميته كبيرة بالكبد، والgluc، والglucose بييجي من الglucuronic acid- ال
glycogenواللي هو ال  animal starch.

- once you attached the glucuronic acid, the molc became hydrophilic and charged, therefore
it can't cross the bbb, and it's trapped in the renal tubules.



، هايanionic pump- اسمها atp -تحتاج active transport pump موجود renal tubules- في آخر ال
- عكسactive secretion of anions from the blood to the urine -بتعمل urineبتطرح الدواء من الدم لل
 وهاد بيساعد بالتخلص من المركب.atp، وحكينا بتستهلك con. gradientال

 سريع،urine اله قصيرة، لأنه بيتفلتر وبينزل على الhalf life بتكون الcarboxylic acidقاعدة عامة: أي دواء عليه 
. active secretionولأن عنا ال

polar and، هيك زدت الوزن الجزيئي للمركب ككل وخليته 94dalton اللي ركبناها بالآخر وزنتها glucuronic acid- قطعة ال
ionic هيك صار ،good candidateلأي آلية للتخلص من الأدوية؟ 

 بتشتغل على اللي أكثر منbiliary  وال300D بيشتغل على الأوزان الصغيرة اللي تحت الrenal، والrenal and biliaryحكينا عنا 
500Dبتشتغل عليهم الآليتين.500 وال300، بينما اللي بين ال 

300 للمنطقة اللي ما بين ال300، هيك رفعناه من منطقة الأقل من 94D تقريبا وزدناه 250D وزنته كانت phenytoinهون بال
 وبرضو صارelimination by biliary and renal systems فهيك صار عنده hydrophilic and ionic، وخليناه 500وال

، وصار لازمbiologically active يعني بطّل المركب هاد restriction of distribution by being hydrophilicعنده 
.readily eliminated renaly and biliary جديدة لأنه المركب صار doseتعطي 

- Phase 1 isn't just adding a hydroxyl group, but it's one of the very commonly seen handles In
phase1. 
- Phase 2 also isn't just adding a glucuronic acid, we can add amino acids or sulfates...etc.

،as an analgesic كانوا يستخدموه Acetanilide، زي الphase 1 and phase 2- مش بالضرورة يصير عندي 
 وبيتحولphase 1 بـhydroxyl group يعني تركيب metabolism by oxidation at para positionبيصيرله 

.Paracetamolل

،hydroxyl group عليه؟ لأ لأنه جاهز وعليه الphase 1 metabolism لواحد مريض، هل بيصير paracetamol- لو أعطيت 
 أو الايد مركبة وجاهزة، مافي داعي نركبّ كمان ايد.handle، لو كانت الphase 2 قبل phase1يعني مش بالضرورة دائما يصير  

If you don't have a handle then first you can activate it by phase1 followed by phase2 metabolism.

 زي ما هو،urine بينزل بالvery hydrophilic كان phase1 product لحالها، لو phase1- مرات ممكن تصير 
In fact if the molec. is quite hydrophilic it will be renaly eliminated unchanged.



dogs and rats بتختلف عن الmetabolic mechanisms، يعني اللي بيحصل بالإنسان من species- لأن في اختلافات بال
.microorganisms and humans مثل الاختلافات بين الdi�erent levels of speciesوهكذا، وبيصير اختلافات بين 

.ethnicity بسبب العُمر والجنس والmetabolic reactionsوبرضو في فرق بال 

some oxidases are specialized in،  يعني families، ممكن نلاقيهم مصنّفات على شكل kidney انزيم موجودين بال٥٠- حوالي 
oxidizing aromatic rings and others are specialized in oxidizing steroids..etc

، يعني مافي كثيرaromatic rings يشتغل على الsteroids لأن ممكن تبع الgenerally they're not importantلكن 
specialization) ومن هون بييجي اسمه ،mixed function.(

- لو أعطيتهglucose للphosphate -إضافة glucokinase، مثلا الstereo specificأهم صفة من صفات الانزيمات إنهم يكونوا 
fructoseهل بيتعرّف عليه؟ لأ، بيتعرف على ال glucose فقط، هدول الانزيمات by nature they're stereo specific and

selective in their function.

- لكنdi�erent structuresبس يكون عندي أكثر من انزيم بأشكال مختلفة -
they maintain similar activities or propertiesبنسمّيهم 

isozymes.



In enzymology when we loose affinity we loose turnover, what is turnover?
• if glucokinase has a turnover of 3000, it means that it transforms 3000 glucose molecules to 
glucose-6-phosphate -high affinity to glucose- ( عيرس ) 

This is not the case in metabolic enzymes
Why are they called “mixed function enzymes”?
• because they are not specific (selective), they can oxidize phenytoin, phenobarbital, caffeine, 
metronidazole…etc = they can deal with numerous substrates

• This is good for us because we are not exposed to a single polymer, we get in contact with 
many types of toxins from everything so we need metabolic enzymes that can deal with any 
toxin

• This type of enzymes have a large binding pocket (catalytic pocket) and handles the 
substrates with one or two interactions only (e.g: pi stacking in phenytoin)

These enzymes also loose the “high turnover” found in glucokinase 
So if u want to find metabolic products in urine you will need to wait for after 6 hours of 
exposure to drug without renal elimination, but if the drug undergoes quick renal elimination 
you will not see it in urine. 
An example is gentamicin: 

So metabolism doesnt happen rapidly because mixed function oxidases are non specific (Slow 
enzymes)

Other compounds like phenytoin, phenobarbital..etc which are lipophilic, they’re reabsorbed 
when they reach the renal tubules
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If you homogenize the liver ( هتنحط ) you will see that the fine particles of the liver are still 
metabolically active for up to 6 hours provided that you put it in proper conditions (e.g proper 
buffer, isotonic solution, presence of glucose, bubbled oxygen…etc), these particles that maintain 
metabolic activity are called microsomes
So when we say microsomal oxidases we mean liver oxidases (they dont come from anywhere 
other than the liver)      Phase 1 metabolic reactions only happen in liver 

They all have a protein part and a non protein part (co-factor), and they all differ from each other 
by their protein parts and they all have the same cofactor which is the heme (similar to the one in 
hemoglobin) 
The difference between the heme in the cytochrome p450 or mixed function oxidases or 
microsomal oxidases and the one in the hemoglobin is the iron atom 
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