Lecture (1): Drugs Distributions (1) *

The transfer of drug from sit of administration to blood by absorption, and the removal of this

drug from blood to sit of action (receptors) is called distribution.

1.Drug distribution refers to the movement of a drug to and from the blood and various tissues
of the body (for example, fat, muscle, and brain tissue) and the relative proportions of drug in

the tissues.
2.After a drug is absorbed into the bloodstream, it rapidly circulates through the body. The

average circulation time of blood is 1 minute. As the blood recirculates,

the drug moves from the bloodstream into the body’s tissues.
e.g. Edrophonium ChlorideVsP (Tensilon), is a reversible

anticholinesterase agent. It is a specific anticurare agent and acts
within 1 minute .
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2.0nce absorbed, most drugs do not spread

*

3.Water-soluble drugs such as the antihypertensive drug Atenolol, tend to stay within the blood

JSal) sy 335 Y evenly throughout the body

and the fluid that surrounds cells (interstitial)
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4.Fat-soluble drugs, such as the antianxiety drug Tablets 2 Smg

clorazepate, tend to concentrate in fatty tissues.
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5.0ther drugs concentrate mainly in only one small part of the body
(for example, iodine concentrates mainly in the thyroid gland)
because the tissues there have a special attraction for (affinity-sl)

and ability to retain that drug.

6.Drugs penetrate different tissues at different speeds, depending on the
drug’s ability to cross membranes.

a. For example, the antibiotic rifampin (treats several types of bacterial

Infections, including tuberculosis) (TB), a highly fat-soluble drug,
rapidly enters the brain,

b. But the antibiotic penicillin (e.g. Penicillin G Potassium salt) a water-

soluble drug, does not.



7. In general, fat-soluble drugs can cross the

cell membranes more quickly than water-soluble

drugs can.
For some drugs, transport mechanisms aid

movement into or out of the tissues.
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8. A drug in blood exists in two forms: Bound and Unbound with chemical

equilibrium:

Protein + Drug ~ ——= Protein - Drug Complex

Y (Unbound) (Protein- bound Drug)

9. 1.Some drugs leave the bloodstream very slowly because they bind tightly to
proteins circulating in the blood.

11.0thers quickly leave the bloodstream and enter other tissues because they are
less tightly bound to blood proteins.
10. Some or virtually L= all molecules of a drug in the blood may be bound to

blood proteins.



*The protein-drug complex (protein-bound drug) is generally inactive.
10.As unbound drug is distributed to tissues and its level in the bloodstream

decreases, blood proteins gradually release the drug bound to them.

Thus, the bound drug in the bloodstream may act as a reservoir o' )afor the drug

protein-bound drug molecule
protein are not available to exert
drug pharmaceutical effects
p _ (inactive drug) .
/ protein-drug complex
/ (protein-bound drug)

. ‘ + 4 interstitial * +

the bound drug

/ ' bloodstream
) 2;maceutic al effects

reservoir free drug |
. _#unbound)
Schematic Representation of receptors
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During drug distribution ,What the body does to the drug? leemt&

ADME is an abbreviation in pharmacokinetics (s sl 4. )a) A Absorption A
and pharmacology of what the body does to the drug:

A = Absorption,
D = Distribution ) Distribution
VI = Metabolism, and

E= Excretion \/| Metabolism

~ Excretion




A drug is a chemical molecule. *

Following introduction into the body, a drug must pass through many barriers: 2 ¢

I. Survive alternate sites of attachment and storage.
O s Dl )3 Al olall A8l

ii. Avoid significant metabolic destruction (& sl J=dll a8l gal J goc sl Ji8)3 jede 3 S (al a8l ga il

(3dal) ) Jaidl) sole a Drug

Receptors

v

Macromolecule or binding site , located on the surface or inside

before it reaches the site of action, usually a receptor on or in a cell

Receptor: —

the cell that recognize =3 the signal molecule or drug and initiate the response.



Adrenergic receptors as examples




During fight and flight Adrenalin and Noradrenaline
are release which stimulate adrenoreceptors: p1,p2,al

and a2.This stimulate the following:

1.Heart (1) B 1

Increases the heart rate and force

Rate = (+chromotropic)
Increases heart conduction (+ dromotropic)

Gl L el e

Force = Increases myocardial contractility (+inotropic) <tlss
alal) Alizac



2.Kidney (Bl1):
Increases renin E. (angiotensinogenase),thus increases BP
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3.Lung (B2):

bronchiole
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4.Liver and pancreas (B2): Increases glycogenolysis (breaking down

glycogen into glucose) and in Pancreas (B2) increases insulin releasing

and Increases glucagon release. gallbladder

<

pancreas

glycogenolysis

Beta 2 glycogerh::> gthOSG

pancreatic
duct

increases 1nsulin releasing e

Ca
5.Uterus (B2): — |

Uterus (pregnancy), Relaxation uterine smooth muscles \
Beta 2




6.Arteries (B2 and al):

B2 decreases peripheral resistance Arterioles sketal muscles and vasodilation to

supported blood to skeletal muscles. Blood vessels with al-receptors are present in skin and

during the fight-or-flight response, vasoconstriction results in the decreased blood flow to this
organ. This accounts for an individual’s skin appearing pale when frightened <3\, This is

also reduce blood pressure.
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/.Bladder (al): increases closes the sphincter /
\

Tamsulosin is an ol blocker of the most commonly used )

medicine and the first line treatment for the symptoms of
BPH in men.

8. Stomach al & 32
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9.Evyes (01)

Radial muscles contraction (Mydriasis)

(X myosis )
10.Nerve ends (a2)

Stimulates the noradrenalin which R Alpha 1

also affected the nerve sensory to

blocks the releases of noradrenalin.

affected the nerve sensory to blocks the releases of noradrenalin

blocks releeﬁges P’ .

( . Stimulates the moradrenalinn at
(1% nerves ends



The usual use of drugs in medical treatment calls for the drug’s effect to last for a

finite period of time. Then, 1f 1t 1s to be repeated, the drug will be administered
again. Q. If the patient does not tolerate® the drug well, 1t 1s even more important
that the agent dissociate from the receptor and be excreted from the body, With
major exceptions, include :

1. The alkylating agents used in cancer chemotherapy.

ii. A few inhibitors of the enzyme cholinestex Drug

iii. Suicide inhibitors of monoamine oxidase (MAO) N
v.The aromatase inhibitors like Exemestane (Aromasin) 0

to treat breast cancer. © :

*Patient Tolerate: Accept the action of a medication.



This Is because these pharmacological agents form covalent bonds with the receptor,
usually an enzyme’s active site.

In these cases, the cell must destroy the receptor or enzyme, or, in the case of the
alkylating agents, the cell would be replaced, ideally with a normal cell.

Agonist and Antagonist:

Agonist: Which activate receptor and give response as physiological signals.
Isoprenaline is 1 agonist (treatment of bradycardia).

Antagonist: prevent the action of agonist on receptor. Propranolol (Inderal), is p blocker

= = = Adrenaline

Agonist = \L /
® ®
Isoprenaline is p1 agonist /

(treatment of bradycardia)
Beta receptor, increasing blood flow to
muscles, output of the heart



Antagonist:
prevent the action of agonist
on receptor.

Oral Administration:

T = = Adrenaline

Antagonist: &
Q O
Antagonist: prevent the action of /
agonist on receptor.

. Decreasing blood
Propranolol (Inderal), is p blocker  f1ow to muscle.

(treatment of tachycardia) output of the heart

Administration = The path by which a drug is taken into the body.

A better understanding of what is involved when the drug is administered orally, it must

go into solution to pass through the GI mucosa.

*Even drugs administered as true solutions may not remain in solution as gy

they enter the acidic stomach and then pass into the alkaline intestinal

tract.




The ability of the drug to dissolve in *
the body is governed by several factors, including:
1. Its chemical structure. Basic Antihistamine (Diphenhydramine) or acidic like salicylic

acid

Oy OHD

O o OH
-
Diphenhydramine Salicylic acid ‘
—

® 0y, 0"

-




11. Variation 1n particle size. 111. Variation 1n particle surface area.
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1v. Nature of the crystal form. v. Type of tablet coating.
(e.g. sugar coated or enteric slx¥L ¥ 2 0¥ ) vi, Type of tablet matrix.
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*1.By varying the dosage form and physical r ™ & /’-‘ =
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possible to have a drug dissolve quickly or slowly.
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2.*With the drug dissolve slowly being the situation for many of the sustained action
products . jaiue g alaiie JS5 5,8 Al 4y 52V

e.g. oily testosterone need to be sustained released for one month

3.0rally administered sodium phenytoin , An example of variation of both the crystal
form and tablet can significantly alter the bioavailability of this drug widely used 1n the

treatment of epilepsy.
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The Chemical Modifications effects on Administration :
Chemical Modifications are used to a limited extent to facilitate a drug reaching its

desired target (s), by many methods such as via a prodrug strategies.

Example -1-: Q. What is the chemical modification on this drug chemical structure to solve the

problem of lipid solubility and increases skin absorption?

1. Increase Lipid Solubility (Slower rate of release for depot preparation; increase skin absorption)
Cled shusally oelay (o 2y 5 p sanllly 4L 520 304 5 O

dalicual) ol 31 53Y) 3 v fpe A g Aras A
HsC o SRR HsC OJ\/\Q

In laboratoy

In vivo

(IM dose: 10-25 mg ‘
2-3 times/week) Testosterone Cyclopentylpropionate*

(Testosterone cypionate; IM dose: 200-
400 mg every 4 weeks)




Example -2-:

In laboratoy
In vivo
Methylprednisolone Methylprednisolone Sodium Succinate® 40mg*
(Not water-soluble) (Sufficiently water-soluble for 1V) =
Recomyreaded et
Cortams Beroyt Noobel 23 3
Preseratve

Q. What is the chemical modification on this drug chemical structure te=————
solve the problem of water insolubility and make it sufficiently water-

soluble for I\V.?
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3. Decrease Inactivation

Oxidation
-

in liver or
Gl tract

Androstenedione
(Reduced activity
relative to testosterone

Testosterone
(Not orally active)

17 a-Methyltestosterone
(Orally active — 17 oxidation
not possible)

make it orally active.

Testosterone, orally inactive and
Its oxidation in liver to less active Androstenedione.

Methylation at position17-alpha Methyltestosterone




The drug’s route
The drug’s route involves *(Q.What does the drug's rout involve?)

1.Distribution or partitioning between the agueous environment of the GIT.
2. Distribution or partitioning between the lipid bilayer cell membrane of the

mucosal cells ( possibly the agueous interior of the mucosal cells)

3.The lipid bilayer membranes on the venous side of Hydrophilic

the GIT and the aqueous environment

of venous circulation. -
Hydrophobic (nonpolar) tail

The venous sidé




x

4.Some very lipid soluble drugs may follow the route of dietary lipids by
becoming part of the mixed micelles(my. cells), incorporating into the
Chylomicrons (kello . Microns)* in the mucosal cells into the lymph ducts,

servicing s e aasithe intestines.

The mixed micelles, incorporating |
into the chylomicrons




The relationship between the right lymphatic and thoracic ducts and the venous system

Right Lymphatic Duct Right internal Brachiocephalic ~ Leftinternal = yhoracic Duct

jugular vein veins jugular vein =
Is formed by the merging of the Collects lymph from the trunks
trunks labeled below labeled below

Right jugular trunk [ Left jugular trunk
Right subclavian trunk Left subclavian trunk
Right lymphatic duct entering l Thoracic duct entering
right subclavian vein left subclavian vein
Right bronchomediastinal trunk l Left bronchomediastinal trunk

Superior vena cava (cut)

e
Rib (cut) % Fhorscie Suct] $
Azygos vein | 5l
N/, Thoracic
b 't lymph nodes
58y &
/8 Parietal
L/ 7 pleura (cut)
L
4 S I}
Intestinal trunk F ; Diaphragm
Inferior vena cava (cut) 1

Cisterna chyli
Right lumbar trunk




Types of drugs Transports *
*The drug’s passage through the mucosal cells can be two transports types:

1. Passive Transport: .l

2
*e Outside

I.The most direct forms of membrane ll l 2
transport, which is a naturally occurring {"f ’”1 e Plasma membrane
LT
phenomenon and does not 8 i —
LS. S e nside

require the cell to exert any of its : e —
Simple active diffusion through the lipid bilayer

energy to accomplish the movement.

1.1t 1S a process by which a drug ion or molecule passes through a cell via a

concentration gradient ) »S_3bL (3 3lifrom an area of high concentration to an area of

low concentration) without the spending of energy.



Drug high concentration

Passive Transport: A

.{/lo Ia Ia Ia li li Ii Ii oi‘o QO o.ooo Mé
L

Drug low concentration

2. Active transport Judll

The movement of drug

molecules across a cell

membrane from a region of lower concentration to a region of higher concentration
against the concentration gradient.

Active transport requires cellular energy to achieve this movement.

*There are two types of active transport:

1) 1© active transport that uses adenosine triphosphate ATP ,

11)2° active transport that uses an electrochemical gradient.



Note: (salead) JE JMA e o gatl) 55400 1) JA5 Lail g i yaal) JDA Jladl) JE3 Lilay AN JA5 &) cpa o) g gV il o alina

*Most drug molecules are too large to enter the cell by an active

transport mechanism through the passages. They pass into the patient's

circulatory system by passive diffusion. - gS‘de
Pinocytosis:* @ o »
(Q. Define and discuses with drawing the O
. . Q Q
Pinocytosis three steps) O
. D 0 9 o
The uptake of extracellular fluids and solutes, such o O
A O

as fat droplets, vitamins, and antigens. It is derived — "
_ _ _ Drug molecules pass into the
from the Greek word “pino,” meaning “to drink,”  patientss circulatory system

e " Y . by transport mechanism
and “cyto,” meaning “cell. through the passive diffusion.


https://www.osmosis.org/learn/Cellular_structure_and_function

The drugs diffusing (as fluid or particles) through:
i. Surrounded invaginates(i.va.gen.ate) Jalal 3% and encloses ks by the cell

membrane then

~ _ _ _ o o

ll. Fuses again, forming a vesicle ®

alay sathat later < Ectoderm

i i : - ®

111. Moves to the cell interior with en

] - o Endod -

*Pinocytosis probably plays a small . 4 & e
J —

role in drug transport, except for o ; - s

. ®

DrOteln dI’UC]S Drug molecules .

A cell invagination
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. |
Vesicle

1 3 Encloses the fluid or particles, then fuses

again, forming a vesicle

Ectoderm

Endoderm

| C Drugs molecules move to
the cell interior




Parenteral route of drug administration or Parenteral dosage forms are intended for
administration of a drug as an injection or infusion.

*Parenteral Administration are Four types

a)Intramuscular IM b)Subcutaneous SC
. 900 4459

/ c)lntrav(fnous IV '
. }f d)Intradermal 1D
/ /{’/ - 10-15°

-
Epidermis

Dermis
Subcutaneous




The therapeutic advantages in bypassing the intestinal barrier slx¥l Jals 5 aihy

using parenteral (injectable) dosage forms:

*(Q. What are the five advantages ?

1. Patients who, because of illness, cannot tolerate (incapable of accepting) drugs
orally.
11. Some drugs are so rapidly and completely metabolized to 1nactive products in the

liver (first pass effect) that oral administration is inacceptable.

1. (I.V.) Administration places the drug directly into the circulatory system, where 1t

will be rapidly distributed throughout the body.



1v.*Subcutaneous (SC) and intramuscular (IM) 1njections slow distribution of the
drug, because it must diffuse from the site of injection into systemic circulation.
v. It 1s possible to 1nject the drug directly into specific organs or areas of the body,

such as (intraspinal S &l &\asl) Jala Intracerebral &Il Jalaroutes) will place the drug

directly into the spinal fluid or brain, respectively.

The blood brain barrier BBB, which protects the brain from exposure to a large
number of metabolites and chemicals, BBB 1s composed of membranes of tightly
joined epithelial cells lining the cerebral capillaries. <l il Aidasall 4y jleall 4,314

iae Laall g gl

*The net result 1s that the brain 1s not exposed to the same variety of compounds

that other organs are.



Lecture 2,

ACID BASE PROPERTIES OF DRUGS:

carboxylic acid,

Organic fictional groups within a drug molecule OH

are influence on:

I.Water solubility 1i. Lipids solubility t1ii. Acid-base Salicylic acid
o _ o (2-Hydroxybenzoic acid)
properties 1v. Partion coefficient LLEnY) Jelea

blood plasma 55%% of blood

v. Steric factors vi. Stereochemistry.
Acid-base properties help In: D rater = §5 S ST blood

I. Absorption, un-ionized form (lipid soluble) ii. Distribution: ionized form
(soluble in plasma) and iii. Excretion, Drug-receptor interaction and Drug-drug

Incompatibility.



Important Notes: *

1.Most drugs can behave as either acids, bases or neutral as they begin their
journey into the patient body in different dosage forms and end up m systemic

circulation. Examples of acidic functional groups:

R

COH

O
HNJ\NH
OMO Why acid ?

Benzoic Acid, R = H Barbituric acid 1s the parent compound of
Salicylic Acid, R = OH  barbiturate drugs, although barbituric acid itself
1s not pharmacologically active.



Examples of Acid or Basic functional groups

+
NH NH> T
R- NH-> R-NH 3

Cyclic alkyl amine Cyclic alkyl ammonium Alkylamine Alkylammonium
pKa (10-11) Conjucated acid pKa(9-10) Conjucated acid
o -+
NH NH- NH NH-
R“ “NH- R” ~TNH> RII\I{’ ~NH- RII\_TI’ ~NH->
Amidine Amidinium Guanidine Guanidinium

pKa (10-11) Conjucated acid pKa(l12-13) Conjucated acid

Examples of neutral functional groups

R™ ~OH B R, R-C=N
alkyl alcohol ether Nnitrile
hid i R N
R OR1 R NH-> R R 4 @ ©
ester amide kKetone &

aldehyde diaryiamme



*Z.Drug's biodistribution and partitioning characteristics can greatly

influence by its acid-base properties.

3.Acid and base major definitions model commonly
used 1in pharmacy and biochemistry were developed by

Lowry and Brensted.

In their definition:

An acid is defined as a proton donor and

a base Is defined as a proton acceptor.

Brgnsted



Lewis acids and bases are described by the Lewis theory of acid-base *
reactions as electron-pair acceptors and electron pair donors respectively.

Therefore, a Lewis base can donate a pair of electrons to a Lewis acid to

form a product containing a coordinate covalent bond.

3 CH; F CH;
F—B ~ _ =1\:I—CH3 -~ F—B-N-CH;

I

F CH- F CHs
Lewis Acid LLewis Base Adduct

Boron trifluoride Trimethyl amine



x

Notice that for a base, there is no mention of the hydroxide ion. In the Bronsted-

Lowry and Brensted model, the acid plus base reaction can be expressed as:

Strong HCI and Water
When HCl dissolves in water, hvdronium ions and chloride ions are formed
This proton(H+) is transferred to a water molecule

H>0q, > CI (aq) + H30"(aq)

Acid Base conjugate base conjugate acid



Notes:
I. The removal of H* from the HCI produces the chloride 1on, CI -,
the conjugate base of the acid.
11. The addition of H* to the H,O (acting as a base) forms the hydronium
lon, H,O*, (also oxonium ion) the conjugate acid of the base.

Water 1s Amphoteric*: That Is, It can acts as both an acid and a base.

*Greek amphoteric = ""each or both of two™'



All acids have a conjugate base. > ¢
All bases have a conjugate acid.
Acids ""donate" H* when they react.

This I1s most easily seen when they dissociate In water:

HLoSO,, + H O HSO 4 + H,O"

Acid Base Conj. Conj.
Base Acid

In this example, sulfuric acid Is an acid because It "donates" H* to the water. It
becomes the hydrogen sulfite ion (HSO-,) which is the conjugate base of sulfuric

acid.



The same Idea applies to a base:
Ammonia (NH,) Is a base because Is "accepts H* from water to come its

conjugate acid, the ammonium ion (*NH,)

N3 + HO == = "IN, + OH

Base AAcid conjugate conjugate
acid Base

*Glve equations showing the amphoteric characters of water
Example-1-
Water and its amphOtenC characters Any acid-base reaction can be written as an equilibrium reaction

r adds Prntnuj
a) HCI(aqg) -+ HO(l) ]E[g;ﬂ-.;:aq} -+ C1 (aq)
acid base comjusare acid conjnunsare base

l loses protomn T




Cl, 1s such a weak base that It essentially does not function as a proton
acceptor, and there Is little reverse reaction involving water donating a

proton to the hydroxide anion of -OH
(b)

H,O + NaOH > H,0 + OH (Na™)
Sodium hydroxide
Acid Base Conjugate Acid Conjugate Base

water Is such a weak conjugate acid that there is little reverse reaction
Involving water donating a proton to the hydroxide anion of -OH

2S5 yed) ) sl rians 43U elall (e ()58 5 CaandiS) gl i 3o S 6 g3 puall 1S 5 )28 3 8
o LS 3 gall s yi g an gall a 903 pall (gl e 2ana (A1) L)



Drugs examples:

Example-2-

Sodium dihydrogen phosphate and its conjugated base monhydrogen
phosphate

It I1s added In animal feed, toothpaste, and evaporated 9
milk. It Is used as a thickening agent and emulsifier. P
)% HO” O Na*
Any acid-base reaction can be written as an equilibrium reaction O H
) PO, (Na’) t H0 — K0 + HPO (Na')
d) 0 t KR0S (2Na’) = KPS Mt  + OH(Na)

Acd £ Base — (onjugateAdd  + Conjugate Base



Example -3-:
Acetic acid and it's conjugated base, acetate:

(g) CH,COOH RO = Ho' b CHC00°
(h) H,0 + (HC00"(Na™f — (H;COOH + OH(Na")
Example 4- Any acid-base reaction can be written as an equilibrium reaction

Phenobarbital and its conjugated base phenobarbital sodium:
Phenobarbital belongs to a class of drugs known as barbiturate

! NOC 0603-5165-21 e’

anticonvulsants/hypnotics. It works by controlling the abnormal 52?.‘:.'_‘:,‘;‘“&,"“

i 162
[N

Rx only i

electrical activity In the brain that occurs during a seizure. » |
4 ) W Quaiicest
This medication Is also used for a short time (usually no

more than 2 weeks) to help calm (KA. LM) or sleep during periods of anxiety.



CH

CH, '®) Any acid-base reaction can be written as an equilibrium reaction l 30

N H.C N

> OH - H,O ’ i

0] & 0" N NH
O O
Acid Base conjugated conjugated
acid base

—_— H2C

N + OH (Na")
%—0" (Na*)
NH

(j) Hzo + HZC

N
%—oOH
NH



Example -5-:
Epinephrine hydrochloride and it’s conjugated base epinephrine:
CH Any acid-base reaction can be written as an equilibrium reaction CH,

HN HCI‘
show only a small reversal. OH

CH3

HoN*

CH.
OH

Ephedrine Is a prescription medicine used to treat the symptoms of low blood

pressure during anaesthesia (Hypotension).

FLMPATIRO M) IMETIC

Phedrin

"ab‘hlrom: L-edeah Stokiarar

20 Toabler



Draw acid-base equations showing how the water undergo an amphoteric characters with the

following drugs:

1. Drug used to treat the symptoms of low blood pressure during anaesthesia
(Hypotension).

2. Anti- convulsant /hypnotics drug

3. Sodium dihydrogen phosphate



Acid Strength

While any acid-base reaction can be written as an equilibrium

reaction, an attempt has been made In the previous examples to

Indicate which sequences are unidirectional +.3¥) salslor show only a small
reversal.

1.For hydrochloric acid (reaction a), the conjugate base, Cl, is such

a weak base that it essentially does not function as a proton acceptor.

2.In a similar manner, water Is such a weak conjugate acid that there is little
reverse reaction involving water donating a proton to the hydroxide anion of OH-

(reaction b).



Effects of acid-base properties, chemical functional groups and sites of
distribution on absorption of Ciprofloxacin (which Is

fluoroguinolone ) antibiotic used to treat a number of bacterial infections, this
Includes bone and joint infections, intra abdominal infections, certain type

of Infectious diarrhea, respiratory tract infections, skin infections, typhoid fever,

and urinary tract infections: Fluoro quinolone
| O O

Q. What does Ciprofloxacin use for,
- - 5 OH
draw its chemical structure and s 2 |
”
give the name of Its class , where does H@ N

It's iImportant group Is ionized. A Ciprofloxacin




At acidity of stomach (pH=1- 3.5) carboxylate group Is unionized fig (a)while this
Important group Is ionized at colon of (pH(5.6-7), fig (b), as shown In the

following diagram:

| 0 0 _i | o070
+ o
H™ A " A

H
(a) (b)

a. At acidity of stomach (pH=1- 3.5) carboxylate group 1s unionized
b.While this important group 1s 1onized at colon of (pH(5.6-7).



Derivation of Henderson-Hasselbalch equation

When an acid HA is dissociates into its conjugate base (A ) and hydrogen ion (H*) and the

concentrations of all components will not change over time, i.e the forward and backward

reactions are occurring at the same rate , thus the system is said to be in equilibrium.

H A ~ = A+ HT ‘

The equilibrium constant (which is the in chemistry, biochemistry, *
and pharmacology) is an Acid Dissociation constant (Ka).
Increases of Ka (or decreases pKa) will increase acid strength and increase

the stability of conjugate base , and Base dissociation constant or Kb



a-Give the derivation of Henderson-Hasselbalch eauation

v g
A —m _— A = S

acid conj. base

(unionized) (ionized)

The equilibrium constant Ka is equal to the result or multiplication of the
products concentrations divided over the reactant(s) concentration

[HE = 1La— ] N a1
_, =N or Koe —=[HTI1IX rezAa )
Take the logs of the two sides of the equation:
a1
logi0K,.,:, — log, 0 [HQL::SJL&-JJJI&«@J@MQ >1 0 [ E1A ]
logio X =—px [A_]
LA ]

rH — pK_, + log,o [ELA ] i)




Henderson—-FHassclbalch eguation
. fJconj. baseal _
H — | . —+ 1 . =
i - o= [Acid] o
I a + los [ionized] . o =
fluvnmiomized]
- P
s =a +— los= [EEA]

~rom this equation:
Decreases of pKa will increase acid strength and increase the stability of conjugate

Jase. Asladd) loay B Loaalal) 418 e JB5 G gou Alslaal) (a8 Aondnalal) el A1) Aagh cll LIS
: duiaaalal) &l j sl
Calculations examples 0e
1.What is the ratio of Ephedrine to Ephedrine HCI of pKa(9.6) in the intestinal

tract at pH 8? (write the equation) Given that
hd value of 10Y% I
* — 1.5 0.06
— 1.6 0.02Z2S
— 1.7 0.014




HNHCI™ HN

OH OH

Hendcerson-Hassclbalch cquation

Jag sl

[ionized]

= pKa +1
Pl = P . [lunionized]

8 = 9.6 + log [10n1zed]/[untonized]

log [ionized]/[unionized] =-1.6  [tonized]/[untonized] = 25/1000



2. What Is the pH of buffer contains 0.1M acetic acid of (pKa 4.8) and 0.08
sodium acetate ? (write the equation)

pH = pKa + log

pH = pKa—+log

[conj. base]

| sodivan acetate |

[Acid]

pH = 4.8 + log 0.08/0.1

|acetic acid |

4.8 +1og 0.8
=4.8-0.1= 4.7

logx| x =
0.9 [-0.05
0.8 [-0.1
0.7 [-0.15
0.6 [-0.2
0.5 [-0.3




Drug Distribution and pKa

The drug first encounter the acidic stomach

|

| . Amines (pKa 9-10) will be protonated (BH acids) in the acidic stomach
and usually
will not be absorbed until reaching the mildly alkaline intestinal tract (pH 8).

) _HA acids with pKa’s of 4 to 5 will tend to be nonionic and be absorbed
partially through the gastric mucosa.



Organic Pharmaceutical Chemistry
Lecture 3 part 1

Acid base properties

of drugs



> pKa=-logKa *

<. The smaller the value of drug pKa the stronger the drug acidity

For the drugs acidity

10¢ 102 10° 102 10* 10 108 10-° 1012 104

A general rule for determming whether a chemical is strong or weak acid or base
1S:

l.pKa<?2

Strong acid drug and the conjugate base has no meaningful basic
properties 1n water.



—

2.pKa4-6 * 2 il Sy
Weak acid drug

. Aspirin 1s a weak acid with a pKa of 3.5. i s —3

elag Lgas LM

1. When aspirin donates Its proton it becomes negatively charged. ... i, (i) —o

4 elias a2y &l S (45%)

)

o
O O
(Aspirin)
2-Acetoxybenzoic acid 2-Acetylbenzoate
Weak acid Weak cojucated base
pKa=3.5

When aspirin donates its proton it becomes negatively charged




1. Aspirin is absorbed into the blood through the cells lining *
the stomach and the small intestine(mucous columnar cells).

Iv. Absorption of aspirin requires passage through the plasma membrane, the rate
of which is determined by the polarity of the molecule: charged and highly polar
molecules pass slowly, whereas neutral hydrophobic ones pass rapidly.

v. The pH of the stomach contents is about 1.5, and the pH of the contents of the

small intestine Is about 6.



Rl

1.A drug will become lipid soluble In a solution with a pH similar to its own pH

2.A week acid drug is more lipid-soluble in acidic solution.

3.A week base drug is more lipid-soluble in alkaline solution.

4.A week acid drug Is more
water-soluble in

alkaline solution.

5.A week base 1s more
water-soluble in acidic

solution.

The pH of the stomach contents 1s about 1.5

/Aweek acid is more lipid-soluble in stomach solution.
A week base is more water-soluble in stomach solution.

The pH of the contents of the small intestine 1s about 6.

L~

A week base is more lipid-soluble in intestine solution.
A week acid is more water-soluble in intestine solution.




0 OH (On
\/Ionizable group Iomzable group The pH of the
small intestine is about 6.
= \f(
0 +H”
Acetylsalicylic acid (Aspirin) Acetylsalicylate
pH=1.5 pH=6

@E@E@ @@ Cell membrane
sy UHEHETEHEEEEREYTR

Absorption of aspirin (unionized) or @

neutral hydrophobic pass rapidly. @@@@ E@@@@ :
L=




4 pKa>12
Essentially no acidic drug properties in water, strong conjugate base.

3.pKa 8-10
Very weak acid drug , conjugate base getting stronger

Drugs and lonization:

1.Many drugs are weak acids or weak bases that can exist in

.. .. ) Lipophilic mucous membrane
both ionized and non-ionized forms in the body.

2.0nly the non-ionized form of drugs is absorbed. stomach wall pH =74

3.The ratio of the 1onized form to the non-ionized

Gastric

- 1 - .5
form of these drugs can be calculated using the Juice pHl =1

Henderson-Hasselbalch equation.

Stomach



FICOOPOTNITIZ AL'IOMN OO  VEALI ACIIDDS
Al = == A +— A

~Nom— aomized Tomimed

rSNot chh=arsed C "Ihh=arnr=cd

i apricd solunble

"V ateryr solunbhlae

At equilibrium, the percentage of non-ionizes = 50% , and that of 1onized = 50%
When you suggest that PH — pKa

When [ionized drug] = [non-ionized drug]

PH — PKa + r2e=]
PH — pKa + 1em= [iopizedl < log1=0
- o PH - PKR

> The pKa of a weak acid or weak base is the pH at which

50%06 Ionized form and the 5026 nonionized form



Q. Compare between left and rite sites of this acid
dissociation according to :

1.lonization
2.Charging
3.Solubility

The answer:

O NIZ AT ION OF WEARK  ACIDS
A - = A + HI*
1l.Non- ionized l.Tomnized

2.Not charzsced 2. Charsed
3. 1. ipid soluble 3. Water soluble




For weak acid: aga Jia

The Henderson-Hasselbalch equation is written as:

PH = pK, +log ([A"J/[HA]) PH = pK; +log [(salt)/(acid)]  pH = pK; + log ([ionizea)/unionized])
|

Example: Aspirin (acetylsalicylic acid) has a pK, of 3.5.
Calculate the ratio of ionized/unionized of the drug

I. In the stomach where pH is (1).

11.In the Intestine where pH is 6.
[11.Based on these calculations- where Is aspirin absorbed within the
body?



- liomized] .
PH o PKa W [umionized]

1=35+log [A7]/[AH]
log [A]/[AH]=- 2.5
Thus, [1onized]/[unionized] = Antilog (-2.5) = 0.003 1.e = 3/1000
From the above value It means that for every 1000 unionized aspirin

molecules in the stomach there are only three molecules ionized ,
suggesting that aspirin is largely unionized in the stomach I.e. ionized =

3/1000 = 0.03% and unionized = (100-0.03)% = 99.7% unionized).i.e

absorbed



. pH of the intestine = pK_, of aspirin + log[ionized]/[unionized]

6 = 3.5 + log [ionized]/[unionized]

og [lonized]/[unionized]= 6 -3.5=2.5

onized]/[unionized] = Antilog (2.5)

lonized]}/[unionized] = 300 = 300/1

~rom the above value, it means that for 300 ionized molecules of aspirin in
the intestine there is only 1 unionized molecule = 1/300 = 0.3% and (ionized
molecules = 100-0.3=99.7) suggesting that aspirin is largely ionized in the
Intestine . Aspirin is more unionized in the stomach than in the intestine.

Thus majority of the aspirin is absorbed via the stomach under acidic pH.



S ITon trappin
surdde.a) uoj

lon trapping occurs with weak acid drug or weak base drugs in ionized and un-

lonized forms and the % of each one varies with pH of solution can calculate with

Henderson- Hasselbach equation. Lt
+ .+
Abstract: +
Acidic drug in basic
When acidic drug Is putting in acidic medium (or any medium of intestine

medium of pH, less than its pH), it stay unionized and its lipid solubility is

Increased, (example 1)
but when It put In basic medium (or any medium of pH, more than its pH) it

surrounds Its molecules by water and becomes more Ionic and its lipid solubility is

decreased.



S

lon _Trap , occurs In the

1.Stomach cells 2.Renal 3.Breast
lonized drug gets trapped on one side as a membrane that divides
compartments (daslall Adlall Coua 428) g0 b3S AN with different pHs as: .

1) Blood , pH7.4 2)Urine , pHG



Q. Described how the Aspirin trapped In side

only two the following sites: (What do you
recommend patient)?

1. Stomach 11. Renal
111. Breast




Applications of 1on trapping: S
1. In stomach:

Aspirin is highly absorbed in stomach because

Its high acidity (1.5), but when inter the

mucous membrane where the blood iIs

pH 7.4 this high intracellular pH causes drug to trapped into this membrane

and 1onized thus it can not absorbed and stay their and
causes ulcers. Thus we recommend patients to not taken
Aspirin except It Is enteric coated to not absorb in stomach and

absorbed in intestine. P L O



https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-ph

. Glemerulus Rictal Canyel
2. In Renal. (Capillary Netwerk) .d nveluted

Proxima

The Aspirin overdoses or Aspirin toxicity .. tubule
Arteriel '
make It reach to renal system where the (N:n:vﬁ

pH, is acidic thus it reabsorbed againto

systemic cycle thus we recommended
Bowman's

patients to take sodium bicarbonate to capsule
pH is acidic

Increase the pH, of the renal (increased Capillary Netwark

the basicity) thus ionic trapping occurs

Leep of Henle

and Aspirin excreted by urine.

Y Weak acids: excreted faster in alkaline pH
(anion form favored)

l (BCT)

T




3.In breast:

When the alkaline drug in blood plasma (of pH 7.4) reach the breast , the

breast milk is slightly acidic as compared with plasma (its medium pH, 7.0)
thus drug is surrounding its molecules by water and become more ionic and
Its lipid solubility Is decreased , I.e. i1t Is 1on trapping and does not reabsorb

The breast
to blood and stay In breast and reach the baby 7\

Blood pH =7.4

Breast pH =7

Fatty tissue

S



Percent lonization

Using the drug’s pKa, the formulation or compounding

Pharmacist can adjust the pH to ensure maximum water
solubility (ionic form of the drug) or maximum solubility 1n
nonpolar media (un-ionic form). This 1s where understanding

the drug’s acid—base chemistry becomes important.



Acids can be divided into two types on the basis of its 1onic form :

1. HA , which is acid go from un-ionized acid to ionized conjugate base

Conj. Conj.
Avcid Base 2Avci1d Base
Hﬁfun—iﬂﬂizﬂd'} —+ HZO — HSO_I_ —+ J&L_{imni;{ﬁ:d'}

* Examples of Pharmaceutically important HA acids include :
a. Salicylic acid:

o + O o
EEl/ + HO = Hso + 5/‘:“_'

Salicylic acid

Salicvlate



b. The inorganic acids (e.g., HCI)
c. Enols (e.g., a. Mephobarbital a CNS depressant, b. Hydantoin Anticonvulsants)

O N OH H
HN NH N
Ph S | =
O Mephobarbital Hydantoin

d.Carboxylic acids e.g., (Low—molecular-weight organic acids),
I. Aryl acetic acids, Ibuprofen



HqC

g

CHs

e

11. N-Aryl anthranilic acids

Anthranilic acid

@«3
SO
- N-Aryl

N-aryl anthranilic acids

(Mefenamic acid)
Ponstan

Ponstan £

{Melenamic Acid)

T
R R s al Rk s Lt L)

£00 Tabicts



e. Amides and Imides ( imide Is a functional group consisting of O

two carbonyl groups bound to nitrogen,

Hydanoin consists of two moites , amide and imide. 3

(Imides are compounds of structurally related to acid anhydrides), >*<<har

- - " Sulphonlamid moiety
e.g., Sulphonamides and saccharin . O uopm S
EH \ 7/
N _;, Amide R?
- 2 %O nitrogen Rl 7N N -
" A O N L
5 °oH ‘NH l
“——imide nitrogen
betweenttw; @ ]R3
. carbonyls
Hydantoin ‘ O mide llitl‘l]gell
Imides are compounds of structurally beteen (o
. carbonyls

related to acid anhydrides Hydantoin



2.BH*, which is acid go from ionized (polar) acid to un-ionized (nonpolar)
conjugate base.

Conj. Conj.
Acid Base Acid Base
BH—*-(inni/_cd) - HZO — H’»O+ 2 & B(un-inni/cd)

Examples of Pharmaceutically important BH* acids include:

1. All protonated amines.
1.1t polyfunctional drug, which can have several pKa’s (e.g.,
amoxicillin). The latter’s 1onic state is based on amoxicillin’s 1onic

state at physiological pH 7.4.



2.Protonated amine group
(quaternary), of

Pka= 7.4
\ |+N H 3.

3 Armerdoling
| Ho—N_
1.The phenolic group of Pka= 9.6 O

{carboxvlate of Pka= 2.5

*From all these polyfunctional groups of Amoxicillin, the most

acidic group Is the phenolic group of pKa =9.6 (true, false)



The percent 1onization of a drug 1s calculated by using equation 6
The following equation for HA acids:

100
1 4+ lO{pl{u—pH}

Yo 10nization =
and Equation 7 for BH" acids.

100
1 + 10°PH—PKD

Y0 10Nni1zation =



Drug Distribution and pKa

*The drugs are transported in the aqueous environment of the blood. Those drugs
In 1onized form will tend to distribute throughout the body more rapidly than will

un-ionized (nonpolar) molecules.

With few exceptions, the drug must leave the polar

environment of the plasma to reach the site of action. - ol




In general, the un-ionized (nonpolar HA) form drugs pass through the nonpolar

membranes of; a¢ <k
I. Capillary walls 11. Cell membranes, and i1ii. The blood-brain barrier (BBB)

1.For un-ionized HA acids, it is the parent acid that will readily cross these non-

polar membranes

A 4+ H O —/7]7—— H OO 94— 5
-_— =

T | L||:::4-:::I Barricer

]

HAa + HoO =—— H L, O 4+ A

FPassage of HA acids through lipid barriers.



2.For lonized HB™ acids, the situation is just the opposite,

It loses It's proton and becomes un-ionized form of conjugated base B which

passes through lipid barriers .

BH™ + H,O —— H_ O " + B

i i I I
Barrier

BEH Y + HED - E— HBC}_I_ —+ B2
= Passage of BH " acids through lipid barriers.




3.The unionized conjugate base (e.g. free amine) Is the species most readily

crossing the nonpolar membranes.

Consider the changing pH environment by the drug molecule orally administered.

The drug first encounters 2>uthe acidic stomach, where the pH can range from

1.5 to 6 depending on the presence of food.



I.HA acids with pKa’s of 4 to 5 will tend to be non-ionic and be absorbed partially
through the gastric mucosa.

I.The most acidic unionized drugs are absorbed from the intestinal tract rather
than ¢« Yathe stomach is that the microvilli of the intestinal mucosa provide a

large surface area relative to that found in the gastric mucosa of the stomach.
sk 5 Sl




*3.Amines (pKa 9-10) will be protonated in the acidic stomach and usually will

not be absorbed until reaching the mildly alkaline intestinal tract (pH 8). Even

here, only a portion of the amine containing drugs will be In their nonpolar

H H

conjugate base form. o _~__cnc(ycn, -
\/ A J CH, QCH2C@CH3
O ¥ This N is bonded to 2 C's,
. . making it a 2° amine.
1. Midomafetamine 1) ()3
2. Methamphetamine
)& &/ @ :

CHj

Cocam 4 Caftemne 3. Nlcotme



Statistical Prediction of ‘S Skl 535 Jid s Lha gl pdddiey (paly ) ppaal

Pharmacological Activity I

As mathematical modeling is used to explain the model of many chemical

processes, it has been the goal of medicinal chemists to measure the effect of a

structural change on a defined pharmacological response, this would meet three

goals in drug design: ) . . .
S A gall gl Ao JSally pasill 80 Gluad ¢ gaadall ¢ gailianSll Caan ga &S

Q. What are the goals in drug design to measure the effect of a

structural change on a defined pharmaceutical response?

048 g mal) Ayl gal) Aplaiy) Ao ASEN padl) Gluad ¢ gal) avanal dic CilaaY) Ll



1.To predict pharmaceutical activity in untested compounds.

dua gadal) & LS jall dui) gal) Adladlly guiilt

2.To define the structural requirements for a good fit between the drug

molecule and the receptor, anduass s s ijs cm s 208 408 cldlialy ciy sl

3.To design a test set of compounds to maximize the amount of

information about the structural requirements for activity from a

minimum number of compounds teSted. cuw s i s o 1 0sm s cis et i e sare e

dua gadal) LS yal) e d2e J8) cpa Adladl) J ga ALICEY

This aspect of medicinal chemistry is commonly referred to as

quantitative structure—activity relationships (QSAR).



Crum Brown and Fraser, 1838 to 1922 who showed that :*the
gradual chemical modification in the molecular structure of a series of
poisons produced some important differences in their action.

They postulated that the physiological action of a molecule fthi (@) is

o - - R, B

a function of its chemical constitution, C. Alexander Crum Brown

This can be expressed in Equation (1)

®=[(C.........Eql
Fhi = ef of C

Lady Nl o plaaiSllg £l judl] 5 sy J) (A S i g (1)

U ShBL AT i gl gill ol gudl) U o Jbi (D)




X

Q. Expressed the Crum Brown and Fraser equation, give example.
They postulated that the physiological action of a molecule thi
(D) is a function of its chemical constitution, C.

This can be expressed in Equation (1)

D= [(C)ae......Bq.1

X
example <> NSAIDs = f (@ \"/>
(or Analgesic) O

ﬁ-ff R
/ Where :
Aspirin,R =()-COOH) X=O
Paracetamol, j2 = (4-(?OOH) X= N




*Example-1- states that : A defined change in NSAIDs chemical
structure results 1n a predictable change in physiological action:
Change 1n type and positions of R and type of X gives Aspirin
is reduced the amount of prostaglandins (Antipyral), which
causes pain and inflammation i addition of controls swelling
from any mjured area and anticoagulant, with adverse side-
effects of causing stomach ulcers. , Acetaminophen is also
considered reduced the amount of prostaglandins(Antipyral),
and as an analgesic may only work on the pain receptors and not
on other things such as inflammation and it 1s not anticoagulant,
with no adverse side-effects of causing stomach ulcers.




x
Q.Write the Crum-Brown and Fraser equation of physiological

action of a NSAIDs molecule (aspirin) or Analgesic acetaminophen)
thi (@) is a function of its chemical constitution, C.
(which are types and positions of R and type of X)

«¥» NSAIDs — ¢ Qi;r m/)
(or Analgesic) - O

Where :
Aspirin, R =(2-COOH) xX= 0O
Paracetamol,LR = ({-COOH) X= N

la> aga




This is the Crum-Brown and Fraser equation of physiological
action of a NSAIDs molecule (aspirin) or Analgesic
acetaminophen) thi (@) is a function of its chemical
constitution, C.

(which are types and positions of R and type of X) 12 pga
Define: A,B,C and D

~
«#>» NSAIDs — r ®/ N
(or Analgesic) S O
Where :
Aspirin, R =A X=B
Paracetamol, 2 =(C =D




Example -2-:

A defined change in Epinephrine chemical structure (replacement of R= OH to

the R=H)results in a predictable change in physiological action .

4
NOCan 1595 M
Adrenalin® HO
(epingphrine
"nuon usP) il
i) eliia tmh;”‘ """" | R

OH

ZT
/

Epmephrine (adrenaline): R =OH
A medication (or hormone). it 1s used to treat a
number of conditions. including anaphvlaxis

cardiac arrest. asthma, and superficial bleeding.

Phenylephrine: R =H

A medication primarily used as a
decongestant, to dilate the pupil. to imncrease
blood pressure. and to relieve hemorrhoids




Q.ﬁ(Enumerate the five
Physicochemical
properties affected

biological response)

K e

1.Vapor pressure of volatile drugs. 2.Water solubility.

3.Electronic parameters 4.Steric hinderance 5.Partition coefficients

(Physicochemical properties affected Biological response)

The biological response can be predicted from physicochemical properties

1.Vapor pressure of volatile drugs
SUCh as. (leall 1) Sl o s pell lasaaall oo 52
Is the tendency of particles to escape from the liquid (or a solid).

A substance with a high vapor pressure at normal temperatures is often referred to

as volatile.


https://en.wikipedia.org/wiki/Volatility_(chemistry)

Example:
Volatile Methyl amphetamine, a potent (CNS) stimulant use

as Nasal inhaler decongestant




*Absorption of inhaled drug is dependent upon the physical characteristics
of the drug which include:

I .Particle size 2.Lipid solubility, and 3. Volatility.

Clearly, a drug's volatility would play an important role in determining its
inhalation potential.

Drug volatility is determined by many factors:

1. Boiling point 2.Melting point, and 3.Vapor pressure.



2.Water solubility.

1.Solubility, the phenomenon of dissolution J3=31 of solute in solvent to

give a homogenous system. Solute ——

(drug)
Homogenous
2.*It 1s one of the important system

Solvent
(water)

parameters to achieve desired

concentration of drug in systemic circulation for desired (antiéfpated)

pharmacological response.

*3. Low aqueous solubility is the major problem and it is a major

S 5 Tanall USALT 52 3L Loyl 2L
e Luall allal a3

challenge for formulation scientist.



*4.Any drug to be absorbed must be present in the form of solution at

the site of absorption.

Any drug to be
absorbed must

be present in the

form of solution

at the site of absorption




Q. Enumerate The physical and chemical modifications techniques that

are used for the enhancement of the solubility of poorly soluble drugs :

1. Particle size reduction 11. Crystal engineering iii. Salt formation

iv. Solid dispersion* v. Use of surfactant vi. Complexation

50 Vials
CRYSTALLINE PENICILLIN G IX :“CTION Insoluble drug are dispersed in
FORLM./LV. IM: 2 .
{ soluble drug without
Banaypenclin® <1 physiological inert carrier and
1,000,000 U (-7 w) .
soluble drug itself
u« Bﬂﬁﬁw . re
LT s e act as carrier for solubility.




3.Electronic parameters (e.g. effects on acidity):

The equilibrium position depending on the type of substituent:

a)) Electron donating group (EDG) increased the carboxylate

negative charge, thus destabilize the carboxylate anion , decreased

Gl 5l de3e) ollys ¢ JausSon KU TLdl Bn ] (EDG) (s 5N £l desanne il

acidity. asanll (aliasly « JauSss I (:)

i
o
¥ Y H
O EDG
o +H*

EDG




b)) Electron withdrawing group(EWG) decreased the
carboxylate negative charge, thus stabilize the carboxylate

anion , increased acidity.

o ){\ ) o /
| X o~ o EWG

e, +H'

EWG EWG

Acetic acid, CH3 COOH, is about 10 times weaker as an acid than formic acid, HCOOH.



Example:
Electronic parameters (e.g. effects on stability in aqueous solutions)

Carbachol differs chemically from ACh 1n its stability to hydrolysis. The
carbamoyl group of carbachol decreases the electrophilicity of the carbonyl
and, thus, can form resonance structures more easily than ACh can. The
result 1s that carbachol 1s less susceptible (sus.ek.table) to hydrolysis in

aqueous sol. and, therefore, more stable in aqueous sols. - P./




2

ACh :OH

poor center
electrophilic

susceptible to hydrolysis

H,>N

The carbamoyl group of

carbachol

0
Carbachol ) | -
NN
0

H,N

Carbachol

decreases electrophilicity

form resonance

less susceptible to hydrolysis
more stable in agqueous solutions.

OH |

yd
+

The carbamyl group of carbachol decreases

the electrophilicity of the carbonyl and.

thus. can form resonance structures more easily than ACh can.
The result 1s that carbachol 1s less susceptible to hydrolysis and.
therefore. more stable 1n aqueous solutions.



4 Steric hinderance ¢!,ab 48!

() k) L, Y1 ige cm Je il 81 g (s ol ASits domng cloall ds3m pnn Slis
(s JBL Je Ll casd iy sye § 508 iyl 08 dadis e lon Jofieuall

The bulk, size and shape of a drug molecule will influence how easily it can

approach and interact with a binding site (active site) of receptor.

A bulky group may act like a shield & 2 and hinder (:=ithe ideal interaction .

normal size
drug ni

) D .«
- B

receptor

=

-

polecule

bulky grou

*» drug

= )
T — - -

-

A bulky group may act like a shield
and hinders the ideal interaction



Substitution by small alkyl group (e.g., CH;- or C,H;-) slows metabolism by

MAO* but has little overall effect on DOA of catechols because they remain

y

o ell3 gag * * COMT 3518, U oY 5.00S¥) wlulial DOA ole i ale i Ll oSl

substrates for COMT**. *However, the SSEISH 1 3l ) ol Ll 5 onal 1 MAO L Gyl of
resistance to MAO activity is more R

: : H

important in noncatechol HO N\R2

Yy : : techol .
indirect-acting phenylethylamines. Catecho Ethylamine ——

: : : p

* MAO, Monoamine oxidase E. is L 1
involved in removing the — Catecholamine
neurotransmitters norepinephrine, Rl: OH .R2=CH;- Epinephrine (E)

serotonin and dopamine from the |
brain. R=R?’=H Dopamine (DA)




**COMT, Catechol-O-methyltransferase is E involved in the inactivation of
the catecholamine neurotransmitters (dopamine, epinephrine,

and norepinephrine).
Examplel: Methyl or ethyl substitution on the o-carbon of the ethylamine

side chain reduces direct agonist activity at both o- and -receptors.

* NHCH;

Methamphetamine \/

less o and 3 activity
[more lipophilic - more CNS activity




Example2: An ethyl group in on the a-carbon position diminishes a-activity
far more than B-activity, affording compounds with 3-selectivity (e.g.,
Isoetharine (a) and ethyl norepinephrine(b).

OH H OH
HO N HO NH,
o- arboq/ a-carbon
HO ethyl group HO ethyl group
. . Ethyl
( d ) 1soetharine ( b) norepinephrine

Ethyl group diminished a-activity far more than -activity,

.ethyl norepinephrine (b) s Isoetharine (a) « JELI Jaw sle) B LiLE) old LS e Las ¢ bl e 130 KT a bl a-carbon guage od 8asasl] Juib¥l degans JIE



Example-3-: s
Another example 1s the substitution of one of the methyl groups of

acetylcholine with higher alkyl groups like ethyl or propyl make the

molecules less active than acetylcholine.

0 g |
)k()/\/NJr >)k0/\/N+\/>)k /\/lllJr/\

methy]l ethyl propyl

~

Less active molecules than acetylcholine



5.Partition coefficients g )53l Jalzs P.C .
x

The movement of molecules from one phase to another is called
partitioning.

® If two immiscible phases are placed adjacent to each other, the
solute will distribute itself between two immiscible phases until
equilibrium is attained:; therefore no further transfer of solute

OoCccurs.

In the Chemical and Pharmaceutical Sciences a partition coefficient is
the ratio of concentrations of a compound in the two phases of a
mixture of two immiscible liquids at equilibrium.

This compound is unionized




Partition coefficient (P) =
Conc. of unionized Drug in organic phase / Conc. of Drug in aqueous phase

Octa= 8 (October)
For example, in an octanol-water system:

Taking the logarithm of the two sides of equation:

—ionized
[solute] 2 ion"

un—ionized
water

log P, t/wat = lO
st s . [solute]



= Octanol
= water
— o
Octanol o @ = Analyte drug

> o

0

[} OOOO (X%

O

(o
§



dagn ilrada
1. The partition coefficient measures how hydrophilic ("water-loving')

or hydrophobic ("water-fearing") a drug is.

2. Partition coefficients are useful 1n estimating the distribution of drugs
within the body. Hydrophobic drugs with high octanol-water partition
coefficients are mainly distributed to hydrophobic areas such as lipid
bilayers of cells S i s s

3. Conversely, hydrophilic drugs with low octanol/water partition

coefficients are found primarily in aqueous regions such as blood

Serum.



* Today, the partition coefficient has become the single most important
physical chemical measurement for QSAR studies. Note that the equation

for a straight line :

Yy = mX+Db

y = how far up
X = how far along
m = Slope

b = value of y when x=0

the physical chemical property equals zero




Also, this is equation for a straight line:

ﬁ%/\z m>x + b

@R ??(physico-chemical property) + c.....Eq. 2
“Where BR a defined pharmacological (Biological) Response
usually expressed in millimoles such as: Ao

1. The inhibitory constant Ki

11. The effective dose in 50% of the subjects (ED50)

i1.  The lethal dose in 50% of the subjects (LD50), or

1v. The mimimum mhibitory concentration (MIC)




It 1s common to express the biological response as a

reciprocal < s, (Physio-chemical property

Wgression coefficient or (sloe) of the straight

line.

b = value of y when x=0

the intercept term on the y axis (when the physical

chemical property equals zero)



1.The inhibitory constant Ki, the concentration of the inhibitor that is required

in order to decrease the maximum rate of the reaction by half.

*Therefore, the smaller the Ki, the smaller amount of medication needed in

order to inhibit the activity of that enzyme

Acetylcholine esterase enzyme AChE inhibitors, such as neostigmine bromide

has Ki < of that of Neostigmine in the treatment of myasthenia gravis, i. e this

bromide salt is more potent.
o 5l HaS il K el Ll g Caaill 11 o) gl Jelis Jane Juliil s gllaall Jadiall 5 55 30aS
Allad SIS ol sl ) (o) Jansiall Ay glaall



L sbo

Myasthenia gravis
&Jﬁ&“ ezl 5l

=3

Drooping
eyelid

------ Slurred speech

10 x 1 mi Ampoules

Neostigmine Injection BP

: JOLQ
Br “ .

| |
Neostigmine Bromide [ 1< Neostigmine




* The effective dose (ED), is a dose of a drug that produces a

pharmacological response. N

It is used when measurements are taken in vivo, while the term:

*The effective concentration is used when the measurements are

> g

A dose of a drug needed to obtain the defined pharmacological

taken 1n vitro.

The effective dose fifty (ED.,)

response in 50% of the test subjects.




FORCE INVOLVED WITH

DRUG-RECEPTOR INTERACTIONS
Biological response 1s produced by the interaction of a drug with a functional

groups of molecules. This interaction would be expected to take place by using
the same bonding forces as are involved when simple molecules interact.

Examples: carbonyl, amine, ester or double bonds. e.g. water hydrolysis of ester

and acetyl choline hydrolysis by active site of Acetylcholine esterase

O O-H
)‘k )
R R R
" 1
R ) O R1 & o HO™
— e O
/O_H /0 H—O



Cation
binding site

Ester
binding site

Ester Cation
binding site binding site

Acetyicholine esterase Acetylcholine esterase

Ach
hydrolysis by
Active site of
Acetylcholine
esterase

choline

acetic acid

Cation
binding site

Ester
binding site

Acetylcholine esterase



Receptors; are chemical structures, composed of protein, that receive

and transduce Js~3 5 Jusiuisignals which may be integratedJ«\S3 into biological

systems. These signals are typically chemical messengers which bind to a

(A) Ligand-gated 1on chamnnels

receptor and cause some form of

* Neurotransmiatter

cellular/tissue response,

e.g. *Achange In the electrical activity of

a cell.

lons Flow
Across membrane



https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Signal_transduction

Chemicals that Chemical that
There are receptors on the cannot bind can bind

cell surface where The substrates

hormones such as
epinephrine or msulin bind,
setting off a series of

biochemical events within the cell. .
eceptor

*Some of these receptors are used by viruses to gain entrance into the cells,

where the virus reproduces.

The drugs act on receptor to produce the drug—receptor complex , which give
the needed response.



Drug + Receptor = Drug— Receptor complex = Pharmacological Response

Example Is the heart $1 receptor and it's blocker bisoprolol

Betal blocker
+

Bisoprolol B - Bisoprolol .- Hypotenstion
ligand
Bisoprolol-betal
& complex

B2 Agonist

lfa:do‘ “ '& [ '

® e.g. Ventolin l \




B2 Agomst | bronchodi.lation ‘

-[»- — = relaxation
ligand '
N A é« 3

Ventolin - beta2 complex

Salbutamol, (albuterol, Ventolin) opens up the medium and large airways 1n the
lungs. It 1s a short-acting 32 adrenergic receptor agonist which works by causing
relaxation of airrway smooth muscle. It 1s used to treat asthma.

|
e.g. Tamsulosin /| Y= ‘~. relaxes the muscles in
| a | & ‘{:»1 - the prostate and bladder
lz?mﬁulosin-’ ‘{‘— :’; ( /A H". neck, making it easier to
o ocker * R 5) | I R |
(&5 ¢/ | w— [ 2 | == urinate.

ligand / | 3 o7 _
/ i \ \ f N
I . , R o \
. ,. . '. i ' } A \ v
[}

\ = :'; _'-.
. Ir k“‘;\.\;,;,L.',.-':-" —1



There are three main ways that the action of the receptor can be classified:

1. Relay of signal (open and close, 1.e. swich)
2. Amplification s

*

3. Integration

Schematic example of ligands, receptor and messengers

The substrate
1)Ligands, located outside the cell

licands

® 4
4

2)Ligands connect to specific receptor proteins based

I . :
on the shape of the active site of the protein.

|||| ’

e
T

L  3)The receptor releases a messenger once the ligand has
* connected to the receptor.




Draw examples of five of the following bonds types that may

formed between receptors and drugs (write the values of their

strength)
Bond types Bond strength Example
__(kcal/mole)
Covalent 5 40 - 140 Methanol
o = (CH3OH)
Q
%28 T
-
Reinforced ionic > 10 I I'"LIT - q
o o S >,
o> — =
lonic g s R—qu I
2 O == ------- - IN B
Dipole- Dipole % 1 -7 s 8Jf—
¥ FD — S
Van Der Waals a 0.5 -1 ~_ 7 T:"-“(.‘/
-

lI;vd rnphnbic

<




PEPSIN

" o

i

T < Hydrophobic

~ /l\N/ ~ /N\"/ e
=~ o ........... d'; ..... > S s
§ cns\co-c, Cﬂa cnz § |
z Phenylalanine
i/’ GG
= ™~
= 218 @ O
—/
O ®

Hydrophobic bonding that occurs between chains in protein -

where each has several aliphatic-aromatic amino acids In
sequence. These amino acids each have hydrophobic ends
on one chain that collaborates with the ends from a similar
array on another chain.



Examples: -

1.The weakest chemical bond strength is the Van der Waals bond which is

0.5-1 kcal/mole H,C....CH,

2. The bond between carbon and hydroxyl oxygen atom of the Methanol is

covalent bond, It is the strongest chemical bond which is 40-140 kcal/mole.

Receptors examples
1.Cholinergic Receptors:

Receptors found In the central and peripheral nervous systems and use

acetylcholine (Ach) as their neurotransmitter.



1.Nicotinic and muscarinic receptors are the two main types of *

choli Nergic recepto IS, (andl JELIL o) U U g O lSsal) (g ga0 Ay jSuuall g (i oSl (5 9a0 A g Cadsaca

LA AilCian g Uity a8 gay IS (S5 Gl 68 Sl

M‘“‘**ﬁg%@/“ CHy B r":'>
H-C O 1 /;J \
~d

Muscarine 4y JLINICcoOotine

2.They are integral membrane proteins activated by the binding of

neurotransmitter acetylcholine.

3.The mechanism of action Is different in each receptor( 4&5)



4.The nicotinic receptors become 1on channels for sodium upon

binding of the acetylcholine to the receptor —

5.The muscarinic receptors phosphorylate various second messengers.
6. Nicotinic receptors are also called 1onotropic acetylcholine

receptors while

7. Muscarinic receptors are also called metabotropic acetylcholine

receptors depending on their action.



lonotropic receptor activation, it opens a channel that allows ions such as Na+, K+, or Cl—to flow.
Metabotropic receptor activation, a series of intracellularevents are initiated that can also resultin opens
a channel that allows ions such as Na+, K+, or Cl—to flow.

*Drugs acting on the acetylcholine system are either agonists to the receptors,
stimulating the system, or antagonists, inhibiting it.
Acetylcholine receptor agonists and antagonists can either have an effect directly

on the receptors or exert their effects indirectly *e.g., by affecting the

enzyme acetylcholinesterase, which degrades the receptor ligand.

Agonists increase the level of receptor activation, antagonists reduce It.


https://en.wikipedia.org/wiki/Acetylcholinesterase

2.The y-Aminobutyric acid Neuroreceptors:
- : O

O
B Barbituric acid J'I\
H2N %\%).{\OH chemical HN NH
Y structure M
O

It is reducing neuronal excitability throughout the nervous syster’?

Central nervous system (CNS) depreSSant. dua skt a g gl s Aslgbia diiS s danl) 5 53 Jliy s

bl g 3l ) ) gt Jld) il Jia

a. Barbituric acid derivatives, are coupled to GABA receptors, increasing the intracellular

chlorine entry, as well as the action on glutamate, reducing its activity.

b. Benzodiazepines, on the other hand, is characterized by specific binding to GABA

receptors, generating a controlled entry of chlorine into the interior of the neuron, and

hyper-polarization or neuronal inhibition.


https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Nervous_system

Hyperpolarization is when the membrane potential becomes more
negative at a particular spot on the neuron’s membrane,
Depolarization is when the membrane potential becomes more

NOoSItive.

Depolarization and hyperpolarization occur when ion channels in the

membrane open or close, altering the ability of particular types of ions

to enter or exit the cell.



For example:

1.The opening of channels that let positive ions flow out of the cell (or
negative ions flow In) can cause hyperpolarization.

1.e. The opening of channels that let positive ions (e.g. Na*) flow into
the cell can cause depolarization.

The opening and closing of these channels may depend on the binding
of signaling molecules such as neurotransmitters (ligand-gated ion

channels), or on the voltage across the membrane (voltage-gated ion

channels).



3.The angiotensin Il receptars:
ATR | and ATR I, are a class of G protein-coupled receptors with angiotensin 1l as

their ligands.((Guanine nucleing proteins)

They are important in the renin—angiotensin system: they are responsible for the signal

transduction of the vasoconstricting stimulus of the main effector hormone, angiotensin II.

the ‘arteriolar contraction ] |
k} — 1? < % ecep OrS aArcoe

- responsible for
G protein-coupled receptors the signal

ransduction ¢
the vasoconstricting stim
ﬁ ﬁ ﬁ ulus

angiotensin |
g ‘The main effector hormone, angiotensin I1. &%m

Irenin

Anaiotensinogen



https://en.wikipedia.org/wiki/Angiotensinogen

Angiotensin |l receptor blockers (ARBSs),or Angiotensin Il receptor
antagonists, are a group of pharmaceuticals that bind to and inhibit
the angiotensin Il receptor (ATRII) and thereby block the arteriolar
contraction and sodium retention effects of renin—angiotensin system.

Their main uses are in the treatment of hypertension (high blood pressure),



Covalent bond formation between drug and receptor 1s the basis of Baker’s
concept of active-site-directed irreversible mhibition.
If, m addition, the compounds carry reactive groups capable of forming covalent
bonds, the substrate may be irreversibly bound to the drug—receptor complex by
covalent bond formation with reactive groups adjacent to the active

site.

24

1. The diuretic drug Ethacrynic acid 1s a,B- unsaturated ketone, thought to act by

An examples of drugs act by covalent bond formation :

covalent bond formation of methylene group with sulthydryl group of cysteine

adduct and this is the active form In the renal tubules.



e et e
I S

Opprnt!
P A

fi@i@- unsaturated ketOI}E‘D
- T
cl O -\,\‘ﬁ 0
'Cl N a e P only NDC 25010-215-15 ;a
- H 0 N\ 5decrin® st
e r SH \ | thacrynic Acid) i

CHO_~. : * Sulthydryl grou *
| \n/\ O | | NH, u Y ry g p W7 VALEANT
AceticGcid i  Cystemne —

Edecrin (Ethacrynic acid trade name), IS a loop diuretic*(fig) used to treat high blood
pressure and the swelling caused by diseases like congestive heart failure, liver

failure, and kidney failure. It is a phenoxyacetic acid derivative
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2.Selegiline: *

Use for treatment of Parkinson's disease and major depressive disorder,
selective inhibitor of MAO-B*, Irreversibly Inhibiting it by binding to

It covalently. It exerts effects by blocking the breakdown of dopamine, thus

Increasing its activity. | / S 5 Crsal 3] asans —
g_.\.@a_ﬁ JLQA‘JJ Jﬁr_\g\:: o NDC 60S505-3438-3 .';‘
= UJ'G G)\:_H AR Cazna g i Selegiline HCI g
Lo 9 Asarlud B pals -
__________________________________________________________ (b:\-ﬂld.jd.“ (ﬁhAJ E‘-‘é} Amx coRP-
alullad 35l 3 g

*Monoamine oxidase) Is an enzyme that breaks down monoamines, such as
neurotransmitters that transmit signals between nerve cells in the brain with two

types (A and B). They act by degrading serotonin, norepinephrine, and dopa.



Q. ~¢==Selegiline, i1s used for treatment of Parkinson's disease and major depressive

disorder, (nonselective, selective ) inhibitor of MAO-B, irreversibly inhibiting it

by binding to it (coordenatingly, covalently). It exerts effects by blocking the

breakdown of dopamine, thus (decreasing, Increasing) Its activity.
3.Arsenicals and mercurial: i gal gy sl

, GHON g EL (e Covalent bond Sl_.ﬂﬂlych?’l RUOUp

Also make covalent bond with - o .
. . N v L
the protein (cystine sulthydryl group). | -
Draw Nitromersol (Metaphen) - & | t
O llle
Which is antiseptic for skin and Protine——NH
ocular infections showing the Nitromerasol Cystine amino acid
(Metaphen)

covalent bond with the receptor. a2 ags



4 .Penicillins:

The acylation of bacterial cell wall

constituents by penicillin, and the

phosphorylation.

B-lactams A.Bs. Is capable of
binding by covalent bond to
transpeptidase enzyme and
Inhibit the cell wall synthesis,
which result in damage the

bacterial cell wall.

Covalent bond formed
with transpeptidase




Q. Draw Penicillins showing the covalent bond with transpeptidase enzyme "= #*

Q. Enumerate (only) the covalent bond formation between four drugs and
receptor 1s the basis of Baker’s concept of active-site-directed mrreversible

inhibition. )Aa aga



d.l.ﬂ.u.u.ﬁ.“nt_ajsl_ﬂ_lLé_ll; Lg‘gn‘::_l_l‘_,_\j‘b‘g.ﬂj‘m“)du&
}al_n_n‘)l_nt_a! Pt ek {) ehug\g&g!ujﬁh.ﬁj!&;!}dﬁ!

Note that : S T e e

Clm iy Caaas A, Lag A5 98 3 98T oA (ST g lancad Alamia (5 98
BALEIL (B) £)9al mad s Jlat) 28) 9a

1. In the study of force mmvolved with drug-receptor mteractions, it 1s wanted to
have most drug effects reversible, and for this to occur, relatively weak forces
must be mvolved m the drug—receptor complex yet be strong enough that other

binding sites will not competitively diminish the site of action.

B
Active sit Relatively weak forces
5
' + —— S — El;:r:}r:i:(;ological
Reversiable - P
reaction : D B
Drug A ras
Drug B (ligand) The drug—receptor complex yet be
strong enough that other binding sites
Receptor Drug - Receptor will not competitively diminish the

complex site of action

Drug A binds to receptor
Ths33as B o~a3 38 B a8 4+ i zral 402 3o ows - aw e



Compounds with high structural specificity (like Morphines) may orient several
weakly binding groups so that the summation of their interactions with specifically

oriented complementary groups on the receptor provides total bond strength
sufficient for a stable combination.

Ll )Y Gl Leasalaa (iary i 3 Alid ) gallS da goadl) Jladl ST JSEN @ld LSyl
S Halisgd de sane Jig daivedd) o dalal) pualaall ae LRI aan Juala Cuay Gl

fee 1L Y
Q. Draw the Morphies high structural specificity showing the orientation of its

weakly binding groups which the summation of their interactions with
specifically oriented complementary groups on the receptor provides total bond

strength sufficient for a stable combination.



|. Anionic site (7.5-8.5 A and 6.5A) | Specifically

| ortented

g.Focus of charge

| complementary

4 Flat Jurface of aromatic ring

<
\73 <3.Cdvity for part of Prperidine ring aroups on the

of Morphines | receptor

' >

f</

Morphines several weakly |/ |
binding groups Morphines@nalgesic)
| ‘receptor active site

Schematic digram of Morphines analgesic
functional groups and specifically oriented four

complementry groups on receptors




3.Consequently, b smost drugs acting by benefit of their structural specificity

W e—aaalc Eiracdinra<sy

will bind to the receptor site by :
1. Hydrogen bond:
e.g. Salicylic acid

Intramolecular

— O Q. Draw salicylicacid showing its structural specificity
will bind to the receptor site by hydrogen bonding

Salicylic O _ _
acid R s B Or, Enumerate five bond types and give one example
/ é That most drugs acting by benefit of their structural

lnthW specificity will bind to the receptor site:.

Schematic diagram of
Salicylic acid H-bonding to receptor.




1. Ionic bonds:

c.g. Pro- panthe]ine = Propantheline bromide
‘ Antimuscarinic agent

5 | 0 N
0\/\ +J\ - ?
]l Y Y N 0-C-:
o~ o Br P /" g
Ionic bond 3

Pro-Banthine Schematic diagram of

Heptdneline romioe 1o . cr e . .

S Pro- pantheline bromide ionic-bonding to receptor.

Q. Draw Pro-pantheline bromide showing its
structural specificity will bind to the receptor site by
lonic- bonding



i . Ion- dipole & Dipole—dipole mteractions:
e.g. Zaleplon (sedative-hypnotic) Q. Name the bonds interaction (A and B) of Zaleplo*

NDC 16714-561-02

Zaleplon
Capsules, USP

10 mo JQ

100 Capsules
*NORTHSTA&"

(Sedative Hypnotic) functional groups that bind to the
receptor site ) ¢
N 3
b L'f X

«- N [ WO

Zaleplon > ‘T- |
sedative-hypnotic ~  Zaleplon L.\\:) v

o
o

- [ l] dipole-dipole

| ' : “.f”';'h'j N ¢
10n - dipole 5 :
II_:_ .r.“ . (
3 ‘| |
"y -

a4
y L.‘I_J'-“

Schematic diagram of
Pro- pantheline bromide lon-dipole & dipole-dipole interactions to receptor



1v. Van der Waals and hydrophobic forces

van der Waals Forces

Nucleus

Electron

Potential 1onization of active drugs at physiological pH would normally occur

ith: : ' '
wit Q. With what groups will potential

I. The carboxyl < T )
. Sulfonamido lonization of active drugs at

. Aliphatic amino groups physiological pH) would normally
IV. Quaternary ammonium group . OCCUr ?

(enumerate four only)



Differences m electronegativity between carbon and other atoms, such as oxygen
and nitrogen, lead to an asymmetric distribution of electrons (dipoles) that are
also capable of forming weak bonds with regions of high or low electron density,

such as 1ons or other dipoles of :1. Carbonyl 2. Ester 3. Amide 4. Ether v. Nitrile

x

3. Acetazolamide (Diamox) 4. Cimetidine (T'agamet)



Q. Differences in electronegativity between carbon and other atoms, such as oxygen
and nitrogen, lead to an asymmetric distribution of electrons (dipoles) that are also

capable of forming weak bonds with regions of high or low electron density, such as
ions or other dipoles, Name the functional groups or organic chemical classes of the

following circled :

3. Acetazolamide (Diamox) 4. Cimetidine (TT'agamet)



General pathway of drug metabolism:
Sites of biotransformation
Rate of cytochrome P450 mono-oxygenase in
oxidative biotransformation

Oxidative reactions



Metabolism: (Define)

1. Is all the chemical reactions that occurs in the body cells

Which managed the biotransformation of the drugs in the body.

2. The main site of drug metabolism is the liver, but it may also occurs
In intestines, lungs and skin.




Drug Metabolism (notes)

1.All substances in the circulatory system, including drugs, metabolites, and
nutrients, will pass through the liver.

2.Most molecules absorbed from the GIT via the portal vein s sl 4,50 are

Initially transported to the liver.

15t pass effect

3.A significant proportion of a drug will partition or be transported into the
hepatocyte, where 1t may be metabolized by hepatic enzymes to mactive chemicals

during the 1nitial trip through the liver, by what i1s known as the 1' pass effect.



Orally administered drugs that are

Aorta \

Hepatic
artery

Inferior
vena cava

absorbed into the bloodstream through the GIT

Hepatic vein

must pass through the liver before being further
distributed into body compartments.l ) il

Arteries to
digestive tract

Therefore, they are susceptible (sa. Sep. te. ble)to

hepatic metabolism (the first-pass effect)

. . . . Hepatic
before reaching the systemic circulation. portal vein

Digestive
capillaries

Digestive <__ A A
S i

tract



General Pathways of Drug Metabolism:

The metabolism of drugs and other xenobiotics often involves biotransformations of molecules
to less lipophilic, more water-soluble, and more quickly eliminated products.

This typically occurs in two phases:

1.Phase | drug metabolism:

Polar groups are added or exposed (e.g. hydroxylation)

Phase I, or functionalization reactions, include :

Oxidative, Reductive, and Hydrolytic biotransformations

2.Phase |1 drug metabolism:

Conjugation of molecules to polar ionic groups (e.g. glucuronidation)



The purpose of Phase I reactions is :(what 1s the purposes?)

To mtroduce a functional polar group(s) (e.g., OH, COOH, NH,. SH) mto the

xenobiotic molecule to produce a more water-soluble compound.

Introducing a functional polar group(s) can be achieved by two ways:

1. Direct introduction of the functional group (aromatic and aliphatic

hydroxylation), by carbon hydroxylation* of aliphatic, allylic(stide 12), benzylic

C
-6 benzylic
Allylic

Introduction a hydroxyl group (—OH) into an organic compound

I I
- C-H :---(Ij--OH
I

Aliphatic



2. By modifying the existing functionalities by:(Enumerate the chemical reactions

that mvolved m modifying the existing functionalities)

1. Oxaidation of alcohols to acids (slide12)

11.Oxidative dealkylation (N-, O-, and S-dealkylation ) to give NH,, OH, and SH

groups.

Co S ) G g Al ) GpaaS V) (e Jiie Ao sane s pa B

1. Reduction of ketones and aldehydes to alcohols.
1. Reduction of azo (R-N=N-) and mtro compounds (RNQO,) to give NH, moieties.

1v. Hydrolysis of ester and amides to yield COOH. NH,. and OH groups




Although phase I reactions may not produce sufficiently hydrophilic or mactive

metabolites, they generally tend to provide a functional group or “handle” on the

molecule that can undergo subsequent Phase II reactions.

S sLall Al Lgiae L s R4 al) e 4c pama

The purpose of phase Il reactions:(what 1s the purposes?)

Is to attach small, polar and 1onizable endogenous compounds such as glucuronic

acid, sulfate and glycine (or other amino acids) to the functional handles of phase I
metabolites or parent compounds that already have suitable existing functional

groups to form water-soluble conjugated metabolites, which are readily excreted in the
urine




General summary sl y=aldlof Phase | Metabolic Pathways:

Three reactions:
1st, Oxidative reactions:

1.Oxidation of aromatic moieties: @ © L) [

2.0xidatiion of Olefins*: grcw RC —— @

O

3.0Oxidation at benzylic , allylic carbon atoms Py lL\ ,

- r

and carbon atoms alpha to carbonyl and imins .O/bcnzyﬁc iy

Alpha to carbonyl Alpha to imine

4.0Oxidation at aliphatic and alicyclic carbon atoms
(alicyclic = aliphatic + cyclic).e.g Adamantane b

* Olefins (Oleum = oil)

Adamantane



5.0xidation involving carbon-heteroatom systems: of three types:
I. Carbon-nitrogen systems (aliphatic and aromatic amines), includes :

N-Dealkylation-Oxidation deamination- N-Oxide formation and N-Hydroxylation.
Il. Carbon-oxygen systems : (O-Dealkylation)

1. Carbon-sulfur systems : (S-Dealkylation) and (Desulfuration).
6.0xidation of alcohols and aldehydes RHCO to RCOOHslide 12)

7.Other miscellaneous oxidative reactions.4s st
2"d, Reductive reactions: of three types

I.  Reduction of aldehyde and ketones (-C=0 to —-CHOH)

Il. Reduction of nitro and azo compounds (-C-NO, to—CNH,)(RN=NR!to RNH, and RNH,)

1. Miscellaneous reductive reactions



3", Hydrolysis reactions : of two types

I. Hydrolysis of esters and amide.

Il. Hydrolysis of epoxides (I): and arene oxides @ by epoxide hydrase
General summary of Phase Il Metabolic Pathways (Conjugation reactions)

OH Ol BN e \ds
..Glucuronic acid conjugation © O
HO OH
OH
149 cl?
Il. Sulfate conjugation __Z2Sio—

1. Conjugation with glycine, glutamine and other amino acids
Iv. Glutathione or mercapturic acid conjugation

v. Acetylation and vi. Methylation



These two pathways, methylation and acetylation, terminate or attenuate
biological activity 4 shldl 4lladl) e a5l £l

Whereas glutathione (GSH) conjugation protects the body against chemically
reactive compounds or metabolites. Thus, phase I and phase II reactions
complement one another m detoxifying, and facilitating the elimmation of, drugs

and xenobiotics. Example

Marijuana




The psychoactive constituent of marijuana, A%°" -tetrahydrocannabinol
(A°r 1-THC). This lipophilic molecule undergoes:
1. Phase | (functionalization) allylic hydroxylation to give 7-Hydroxy A°°"1-THC in

humans which is more polar than its parent, then further oxidation gives A°°ri-THC-7-

oic acid.

phenolic hydroxyl group

CAllylic oxldatio@

3 O CYP2C
C:zH .
S 11 CSI"III ° 1 (‘SHII
9or1l 9 or 1 or -
A Tetrahydrocannabinol 7-Hydroxy A - THC A - THC -7-oic acid

Psychoactive and intoxicating effects

The overall allylic hyvdroxyviation then the further oxidation
reaction equations of phase 1 metabolism (functionalization)



2. Phase IlI(conjugation) reaction of this metabolite

a. Either at the phenolic OH of 7-hydroxy A%°"! with glucuronic acid leads to
water soluble Glucuronide conjugate and produce metabolite that 1s readily
climimated m the urme.

SWatery soluable CGoluncuronide mcetabolite
A veadily ehiminated i arine



b.Or At allylic carboxylic OH also with glucuronic acid leads to water soluble
Glucuronide conjugate and produce metabolite that is readily eliminated m the
urine.

on
‘ OH HO. A _on O O o @
)
‘ HO o 71
i
C<H,, ill-

O
9 = 1
A ?.Tll('.' -7 -oic acid — HOH O
O Cslly,y

Water solunble Gluacuronide metabolite
A rveadily eliminated in urine



Q1. Phase I and phase Il reactions metabolismare complement one another in detoxifying, and
facilitating the elimination of, drugs and xenobiotics. An example is The psychoactive constituent of
marijuana, A%°"!-tetrahydrocannabinol (A%°"1-THC).

a. Complete by drawing the chemical structures of the overall allylic hydroxylation then the further

oxidation reaction equation of phase 1 metabolism (functionalization)

OH

0 CeH,y,

Yorl
A Tetrahydrocannabinol

Psychoactive and intoxicating effects




O OH

(Further oxidatio

Sl I oo
cyYp2cC CYP2C
—
O CsHyy

O l CsH,,
90r1l

90r1 990or1l1 . .
A - Tetrahydrocannabinol 7-Hydroxy- A - THC A - THC -7-oic acid

Psychoactive and intoxicating effects

(Allylic oxidation)

The overall allylic hydroxylation then the further oxidation
reaction equations of phase 1 metabolism (functionalization)

b. Complete by drawing the chemical structure of the phase II(conjugation) reaction metabolism
(Glucuronidation) at the phenolic OH of 7-hydroxyA®r! — THC with glucuronic acid to produce the water

soluble Glucuronide conjugate metabolite which readily eliminated in the urine.



c. Complete by drawing the chemical structure of the phase II(conjugation) reaction metabolism
(Glucuronidation) at the allylic carboxylic COOH of A%*! — THC - oic acid with glucuronic acid to

produce the water soluble Glucuronide conjugate metabolite which readily eliminated in the urine.

In the series of biotransformation's, the parent THC molecule 1s made

increasingly polar, 1onizable, and hydrophilic. The attachment of the
glucuronyl moiety (with 1its 1onized carboxylate group and three polar
hydroxyl groups to the THC metabolites notably favors partitioning of
the conjugated metabolites into an aqueous medium. This 1s an

important point in using urinalysis to identify illegal drugs.



Drug metabolism involves:

1.The central role of the cytochrome P450 (CYP) monooxygenase system
oxidative drug biotransformation will be elaborated. Jias

2.Discussion of other enzyme systems mvolved in phase I and phase II reactions
1s presented 1n their respective sections.

3.In addition to stereochemical factors that may affect drug metabolism, Five

biological factors such as:

Age, sex, heredity, disease state o2l s, and
species variation uaxlil) g1l Cidillare considered.

4. The effects of enzyme mduction and inhibition on drug metabolism



1.Although biotransformation reactions may occur i many tissues, the liver 1s, by

far, the most important organ m drug metabolism and detoxification of
endogenous and exogenous compounds.
2.Another important site, especially for orally administered drugs, is the

intestinal mucosa, which contains the CYP3A4 isozyme and P-glycoprotein®

that can capture the drug and secrete 1t back into the intestinal tract.

3.In contrast, the liver, a well-perfused organ, is particularly rich in almost all of

the drug-metabolizing enzymes.

* Important protein of the cell membrane that pumps many foreign substances out of
cells



https://en.wikipedia.org/wiki/Cell_membrane
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First pass metabolism:

* |t means drug metabolism occurring before
the drug enters the systemic circulation.

* Results is decreased bioavailability. ; )
e D EF ti Geiad PIA (e panlill iall Al 45 92Y)
ecrease erapeutic response. g, . pa . Jgy) ) sal

Oleadl) cund gh &y gils BUanal) 4y gaY!

Bypass First pass

metabolism:
|V route

* Sublingual route \
S TRACT

General
Circulation




4 .Orally administered drugs that are absorbed mto the bloodstream through the GIT
must pass through the liver before being further distributed into body

compartments.

Therefore, they are susceptible to hepatic metabolism (the first-pass effect) before

reaching the systemic circulation.

5. Depending on the drug, the first-pass metabolism can sometimes be quite

significant ~¢=and results in decreased oral bioavailability. For example, mn

humans, several drugs are metabolized extensively by the first-pass effect. The

following list includes some of those drugs:




ﬂ Isoproterenol Morphine
a

Propoxyphene
Propranolol

Salicylamide

Lidocaine Nitroglycerin
Meperidine Pentazocine
EEER W locang,

spectrum 99, (100 mg/5 mL)

isoproterenol (20 m/m)

For Infiltration and Nerve Block
Including Caudal and

Epidural Use
Preservative-Free

25 % 5 mL Single Dose Vials

Hydrochloride

|

ardiac Arrest, or Heart Block, )
Shock, and Bronchospasm
during Anesthesia

Figure (6)

Salicylamide , Analgesic and

antipyretic of medicinal uses are
similar to those of aspirin.

A local anesthetic of the amino
To treat the symptoms of) amide type. It is also used to
Adams-Stokes Attacks, eat ventricular tachycardia

Wi Eiple Dain Vinl | -
0 mL {100 mg/mL)
A o Aousnous Inect h

Demerol

epending hydrnod o o

100 mg/mL
I ool

Pethidine, meperidine
(Demerol) a synthetic
opioid pain medication




Important Notes:

1.Some drugs (e.g., idocaine) are removed so effectively by first-pass

metabolism that they are meffective when given orally.

2. Nitroglycerin 1s admmistered buccally

(via mouth such as Sublingually) to bypass (avoid )the liver.

important role in the extrahepatic metabolism of xenobiotics.

For example, in humans, orally administered isoproterenol undergoes = SBeEtrum

Isoproterenol
+ Hydrochloride

considerable sulfate conjugation in the mtestinal wall.



http://medical-dictionary.thefreedictionary.com/sublingually
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First pass metabolism:

* |t means drug metabolism occurring before
the drug enters the systemic circulation.

* Results is decreased bioavailability. ; )
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Complete the following sulfate conjugation metabolism, give the names of
PAPS catalyst and the enzyme

«Oll > il
I S LS = 4 1 ” P APS™ ISL® . a : Il"‘:
z 5T - — o 5 = T
= g » sferase IS s
O - = ulfotraansferase | r__.\l.;-“() >
b ] ()___.-—-h.l
«r-

Sulfate conjucation by ramsfer of the sulfate group
from PARPS to the isoproterenol in the intestinal vwall

* Coenzyme 3'-phosphoadenosine-S'-phosphosulfate (PAPS)

4 Several drugs (e.g., levodopa, chlorpromazine, and diethylstilbestrol) are also

reportedly metabolized in the GIT.

5.Esterases and lipases present in the intestine may be particularly important mn

carrying out hydrolysis of many ester prodrugs.




6. Bacterial flora present in the intestine and colon appear to play an important
role 1 the reduction of many aromatic azo and nitro drugs (e.g., The prodrug
Sulfasalazine ).

CO->5H HIN :
HN>S—-¢*'O 2 ~g—0
9 i HO o
- Intestine and colon e
COzH bacterial flora
HO S NH
NEI,
N Aromatic azo group S-Aminosalicylic acid Sulfapyridine
(5-ASA) (Sulfa drug)

Sulfasalazine, a prodrug

Bacterial flora present in the intestine and colon appear to play an
important role in the reduction of aromatic azo Prodrug Sulfasalazine.




PhiP (2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine) 1s one of the most

abundant heterocyclic amines in cooked meat reasonably anticipated to be a human

carcinogen. It conjugates with glucuronic acid to form glucuronide conjugates excreted

7.Intestmal B-glucuronidase enzymes

can hydrolyze glucuronide conjugates

excreted 1n the bile, thereby liberating

the free xenobiotic or its metabolite for possible reabsorption (enterohepatic

circulation or recycling).


https://en.wikipedia.org/wiki/Heterocyclic_amines

8.Although other tissues, such as kidney, lungs, adrenal glands, placenta,
brain, and skin, have some drug metabolizing capability, the

‘ biotransformations that they carry out &% often more substrate selective and

enterohepatic circulation

iy F7L Lt A A o e v e

ntestine

oM, B-GUS o, ©\(I £
?—N H ?—NH, 7

. > F pm USNEZN DSM‘% spontaneous
r«.oo glucuronic acid PhiP PhiP-M1

PhlP-qucuronlde AC“{'e'"



Role of Cytochrome P450 Monooxygenaseyin Oxidative Biotransformations

Oxidative biotransformation processes are the most common and important in drug

metabolism. The general stoichijometry*that describes the oxidation of many

xenobiotics (R-H) to their corresponding oxidized metabolites (R-OH) 1s given by

the following equation:
enzyme systems

RH + NADPH + 0+ H* === ROH+NADP*+HOH -—-——--errmm eq.(1)

(NADPH is the reduced form of nicotinamide adenosine dinucleotide phosphate).

The enzyme systems carrying out this biotransformation are referred to as mixed-function

oxidases or monooxygenases.

*1s the eaquation balances moles



Nomenclature of Cytochrome P450 Monooxygenases -
There are four components to the name. CYP refers to the cytochrome system* and P of

protein. This is followed by the Arabic number that specifies the cytochrome family (CYP1,
CYP2, CYP3, etc.). Next is a capital letter that represents the subfamily

(CYP1A, CYP1B, CYP2A, CYP2B, CYP3A, CYP3B, etc.).

Finally, the cytochrome name ends with another Arabic number that specifies the specific
enzyme responsible for a particular reaction (CYP1A2, CYP2C9, CYP2C19, CYP3A4, etc.).

* Cytochromes are redox-active proteins containinga heme, with a central iron (Fe) atom at its core, as

a cofactor. They are involvedin electron transport chain and redox catalysis.



https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Heme
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Cofactor_(biochemistry)
https://en.wikipedia.org/wiki/Electron_transport_chain
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Catalysis

capital letter that
represents the

another Arabic
number that

CY P 1 Q specifies the
specific enzyme

the cytochrome system subfamily

responsible for a

Arabic number . R
particular reaction

that specifies the
cytochrome
family




1. The Oxidative biotransformation processeseq. (1) require both:

Molecular oxygen and the reducing agent NADPH (reduced form of nicotinamide

adenosine dinucleotide phosphate).

2. During this oxidative process, one atom of molecular oxygen (O,) is introduced into
the substrate R-H to form R-OH and the other oxygen atom is incorporated

Into water.

3.The mixed-function oxidase system is actually made up of several components, the
most important being the superfamily of CYP enzymes (currently at 57 genes

, which are responsible for transferring an oxygen atom to the substrate R-H.



4. Other important components of this system include the NADPH-dependent CYP
reductase and the NADH-linked cytochrome b5.
These two components, along with the cofactors NADPH and NADH, supply the

reducing equivalents (electrons) needed in the overall metabolic oxidation of foreign

compounds.

The cofactors NADPH and NADH

NADH dehydrogenase:
Is an enzyme that converts Nicotinamide Adenine Dinucleotide (NAD) from its reduced form
(NADH) to its oxidized form (NAD*). The chemical reaction these enzymes catalyze are

generally represented with the follow equation



NADH + H* + acceptor = NAD™ + reduced acceptor

NADH dehydrogenase is a flavoprotein that contains iron-sulfur centers.

Nicotinamide adenine Dinucleotide phosphate, NADP*

0

| .

The presence of an additional o O)k w, |Nicotmamide
phosphate group on the 2’

position of the ribose ring Dinucleotide ¢ ¢, ¢,

_ _ _ N\, |adenine
that carries the adenine moiety. omno )
|_ N

+
R=H (NAD)
R= o=c:>—0' (NADP")

oi o phosphate ]



https://en.wikipedia.org/wiki/Flavoprotein

Reduction is the gain of electrons Rn?/ADp

Oxidation 1Is the loss of electrons s - i I
Oxldatlon

Figure (15)

NAD  + H™ + 2e— e NADH

Reduced form

Simplified
apoprotein portion

Heme (protoporphyrin I X) portion

Simplified depiction of the with “Activated Oxygen"’

proposed activated oxygen-cytochrome
P450-substrate complex. Note the
simplified apoprotein portion and the
heme (protoporphyrin I1X) portion or H—R _/
cytochrome P450 and the proximity of é o binding si

the substrate R-H undergoing oxidation. ubstrate bincling site




OXIDATIVE REACTIONS (Oxidation of aromatic moieties):
Aromatic hydroxylation refers to the mixed-function oxidation of aromatic

compounds (arenes) to their corresponding phenolic metabolites (arenols).

Almost all aromatic hydroxylation reactions are believed to proceed Initially

through an epoxide intermediate called an “arene oxide,” which rearranges

rapidly and spontaneously to the arenol product in most instances.
The importance of arene oxides In the formation of arenols and in other metabolic
and toxicologic reactions Is discussed below. Our attention now focuses on

the aromatic hydroxylation of several drugs and xenobiotics.



The many types of oxidative reaction carried out by CYP are summarized schematically in

Fig (17):Schematic summary of
cytochrome P450-catalyzed oxidation
reactions(Name only ten)

Figure(17).

Arenols Arene Oxides

OH O

Carbon Hydroxylation
(includes benzylic, allylic
aliphatic, etc.)

Miscellaneous “Activated Oxygen"
Oxidations [FeO]3+ 3 |

R—O—CH,
—S—CH,

R—OH
O-Dealkylation

and S-Oxidat/i"@

N-Dealkylation and

H S~

p I

ey

* O oxidative Deamination

(N—Oxide Formation)

adiias

SR

S-DealkyTation




R B — N R
Fig (18) @ . Ej ___,©
— O__ OH
Arene Arene Oxide Arenol

Most foreign compounds containing aromatic moieties are susceptible to aromatic oxidation.
In humans, aromatic hydroxylation is a major route of metabolism for many drugs containing
phenyl groups.

Important therapeutic agents such as Propranolol, Phenobarbital, Phenytoin,

Phenylbutazone, Atorvastatin, 17-a-Ethinylestradiol and (S)(-)-warfarin , among others,

undergo extensive aromatic oxidation, Fig(19) shows structure and site of hydroxylation.



In most of the drugs just mentioned, hydroxylation occurs at the para position Fig (19a and
b).Most phenolic metabolites formed from aromatic oxidation undergo further conversion to

polar and water soluble glucuronide or sulfate conjugates, which are readily excreted in the

urine. Fig (20)

OH

CH,CH, «
O
Cﬁ\?Hz H5(§36 @
HN HN
H
D) e S G
i
4
T 8
Propranololl Phenobarbital I Phenytoin I

OH

T, e
/\N—N

I 17a-Ethinylestradiol I

IF"henylbutaZOﬂe I Atorvastatin




C
N
H
| CH, _CH
- 3
5 SN
_a 7 O O e NH2
Warfarin Amphetamineg
S( — )-Enantiomer

in Humans

Examples of drugs and xenobiotics that undergo aromatic hydroxylation
in humans. Arrow indicates site of aromatic hydroxylation.

Fig (19b)



Q. The major uriary metabolite of phenytoin found in humans 1s the O-
glucuronide conjugate of p-hydroxyphenytoin , Draw this important metabolite

i ;
/
O
i
J' UON)EPIUO.ININ|K)

\

©_., "
/(

Phenytom p-Hydroxyphenytoin




The major urinary metabolite of phenytoin found in humans is the O-glucuronide

conjugate of p-hydroxyphenytoin , Fig (20).

o. COO-

OH )
O Ol | e
OH e
HN — HN — - " HN — %
—_—

oéiwu‘\o O¢AWJ\\O 44wq o

H H . O™ "N

Phenytoin p-Hydroxyphenytoin Glucuronidation O-Glucuronide Conjugate

Fig (20).

—

or



Phenytoin p-Hydroxyphenytoin

O-Glucuronide Conjugate

Fig (20).



Interestingly, the para-hydroxylated metabolite of phenylbutazone,
oxyphenbutazone, Is pharmacologically active and has been marketed itself as an
anti-inflammatory agent (Tandearil, Oxalid).

*Of the two enantiomeric forms of the oral anticoagulant warfarin (Coumadin),
only the more active S(-) enantiomer has been shown to undergo substantial
aromatic hydroxylation to 7-hydroxywarfarin in humans.

In contrast, the (R)(+) enantiomer Is metabolized by keto reduction.

Often, the substituents attached to the aromatic ring may influence the ease of

hydroxylation.



As a general rule, microsomal aromatic hydroxylation reactions appear

to proceed most readily in activated (electron-rich) rings, whereas deactivated aromatic rings
(e.g., those containing electron-withdrawing groups CI, -NR;, COOH, SO,NHR) are generally
slow or resistant to hydroxylation.

The deactivating groups (Cl, -NHBC) present in the antihypertensive clonidine (Catapres) may
explain why this drug undergoes little aromatic hydroxylation in

humans.

The uricosuric agent probenecid (Benemid), with its electron-withdrawing carboxy and

sulfamido groups, has not been reported to undergo any aromatic hydroxylation.



— e e

o _ L A N Lot 4
Arene oxide intermediates : Arene Arene Oxide Arenol

1. Are formed when a double bond in aromatic moieties is epoxiarzed. Arene oxides are of
significant toxicologic concern because these intermediates are electrophilic and chemically

reactive (because of the strained three-membered epoxide ring).

11. Arene oxides are mainly detoxified by\spontaneous rea ent to arenols, but enzymatic

hydration to trans - dihydrodiols and enzymatic conjugation wit
roles (Fig. 21).

y very important

1.1 not effectively detoxified by the first three pathways in Figure (210) arene oxides will bind
covalently with nucleophilic groups present on proteins, deoxyribonucleic acid (DNA), and

ribonucleic acid (RNA), thereby leading to serious cellular damage.



Spontaneous
Rearrangement

. (20) >

A n
H; ;oL'L

L

GSH

Glutathion-S-epoxide
transferase enzyme

>

Arene Oxides

Possible reaction pathways

for arene oxides. |

Macromolecules.

1,2-hydride shift
(NTH shift)

|

etnnﬁed by spontaneous rearrangement to arenols
trans-Dihydrodiols

; d
GSH Glutathion
@\ Glutathione Adducts 100 mg
OH
GSs
R

Macromolecular adduct
covalently bound to
M = DNA, RNA, or protein

OH

<

Arenols

Possible reaction pathways for arene oxides.



Stereochemistry:
A three dimensional structure of the molecule arrangement 1n space . It plays

a major role 1n the pharmacological properties because:

1)Any change 1n stereospecificity of the drug will affect its pharmacological
activity.

2)The 1someric pairs have different physical properties ( Partion coefficient,
PKa......etc) and thus differ in pharmacological activity:

Optical and geometric 1somerism

Conformational 1somerism

Y 4 o 1 1 ©



Geometric isomerism (cis—-trans 1somerisims).

Geometric isomerism is represented by cis/trans isomerism
resulting from restricted rotation due to carbon carbon double
bond or in rigid ring system.

* For example, diethylstilbestrol exists 1n two fixed
stercoisomeric forms:
- Trans-diethylstilbestrol i1s estrogenic, whereas
- The cis-isomer 1s only 726 as active.

In trans-diethylstilbestrol, resonance interactions and
minimal steric interference tend to hold the two

aromatic rings and connecting ecthylene carbon atoms
i the same plane.

HO OH

OoH
HO

trans-diethyvistilbestrol cis-diethyistilbestrol

Estrogenic activity only 7% of trans activity



Methadone, brand name( Dolophine), 1s a synthetic

op1oid agonist used for opioid maintenance therapy in

Methadone
opioid dependence and for chronic pain management Injection

Dispense with Medication Gu¢
stached or provided separd

RO TR |

Example of dipole-dipole interactions at same time
H-bonding formation which appear to influence

structure 1n solution, 1t exist partially in a cyclic

form 1n solution due to:


https://en.wikipedia.org/wiki/Opioid_agonist
https://en.wikipedia.org/wiki/Opioid_maintenance_therapy
https://en.wikipedia.org/wiki/Opioid_dependence
https://en.wikipedia.org/wiki/Chronic_pain

1. Dipolar attractive forces between the basic nitrogen and carbonyl
group and

11. H-Bonding between the hydrogen on the nitrogen and the carbonyl
oxygen.

(a)Stabilized by H-bond (b)Stabilized by dipolar interaction

(RS)-6-(dimethylamino)-4,4-diphenylheptan-3-one
(Methadone)



In either conformation, methadone may /o L Aviesie (1545 Aand65h) v
: g — . oriented
resemble conformationally more rgld [ Fewod  complemeatry
p tent analgeswsmcludmg momhme \/// 3.Cavity for part of Piperidie ring " groups on the
| | of Morphines | receptor
meperdine and their analog, and it may be this /L ——
form that mteracts with the analgesic receptor.
Once the mteraction between the drug and its | _

[
[/

receptor begins, a flexible drug molecule may e Schematc digam of Morpines g
assume 4 different conformation than that  receptoractivesite  functional groups and spcifcallyorented four

. : ; complementry groups on receptors
predicted from solution chemistry.




Hydrogen bond (abbreviated H-bond) is a primarily 4xlulelectrostatic force of attraction
between a hydrogen (H) atom which 1s covalently bound to a more electronegative atom or
group, particularly the second-row elements nitrogen (N), oxygen (O), or fluorine (F)—(the
hydrogen bond donor (Dn)—and another electronegative atom bearing a lone pair of

electrons(the hydrogen bond acceptor (Ac).

2
o - Ny N
: R H R H
Dn, , e.g. Alcohols & 2°Amines !
Ra ~ -R
C—0> - LA 2

Ac, e.g. Ketones & 3° Amines R2 ~ s



Notes:

Intramolecular H- bond usually formed between Dn hydrogen of hydroxy (O-H) or amino

(N-H) groups and Ac oxygen or nitrogen atoms, which add stability to particular

conformation of a drug in sol. e.g. Salicylic acid

9 H-bond
within
molecule O H

= = Py
- i
a ' : d

T < P

Y AN rdRd Qs
. ,."‘.:.. i !l .




OPTICAL ISOMERS
&
BIOLOGICAL ACTIVITY OF DRUGS



Amino acid genral chemical structure

# with chiral center (chiral carbon)

P
P

Chiral center, atom with four different
(atoms or groups ).

Chiral compounds:
Are stereocenters that hold a set of atoms (ligands) in space such that the structure

may not be superimposed on its mirror image . e.g Aminoacids



Chiral atom: (in Greek, Kheir means "handed")

An atom (usually carbon in sp3 hybridization) attached to four different
substituents (atoms or groups of atoms) is called a stereogenic center or

stereocenter, with lack a planer of symmetry and non- superimposable with their

mirror images.(putting a star on this carbon C*)

Mirror

4 7J- ';I A \ . - '. |
- 3243 \ARS _ - wA
‘@‘\3 — ,}7 annmno = W:

- = > - / Su?gerimégsed —

Left hamd Right hamd
(a)  hhiralobjects

Mirror

Canmn be
superimposed
Flask Flask

(b)) Achiralobjects



chiral carbon centers

COOH

nL et \"-lz

H

]

Sugars Amino Acids DNA Enzymes



:ACHIRAL
Carbon with sp,sp2 or sp3 or attached to three or less different atoms or groups 1s considered
nonsterogenic center scince it has a plane of symmetry. These compounds are superimposable

-with their mirror image are called achiral. 3-methylpentane 1s an achiral molecule

N

Achiral. 3-methylpentane
Note that:

Chiral molecules are optically active, while achiral molecules are not.



plane-polarized light chiral sample rotated light

A pair of enantiomers always rotate plane-polarized light to an equal but opposite
degree. Example: If a pure sample of (S)-carvone rotates plane-polarized light
by +10°(clockwise), then a sample of (R)-carvone (in the exact same
concentration and under the same experimental conditions) will rotate the
plane polarized light by (-)10° (counterclockwise).
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PPL, 1s the light vibrates 1n one direction, either (+) (dextrorotary) or
(-) (levorotatory).
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has a plane of symmetry

| mirror images
L/ : superimposable

attached to three or less
different groups

3-Methylpentane

Achiral compound with achiral center



Examples of Chiral centers:

H

3-Methylheptane

mirror

To superimpose the mirror images, bonds must be broken and reformed. These

two optical 1somers are Enantiomers



The Fischer projection,

. 1s a two-dimensional
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ENANTIOMERS: o
)N

Enantio = opposite , mers = parts

The two non superimposable mirror images are known as A PAIR OF
ENANTIOMERS: which have the same chemical and physical
properties like:

melting point, solubility and reactions except their ability for the

rotation of plane polarized light(PPL), they rotate it in the same
magnitude but opposite direction. They have optical activity



Enantiomers :

If the plane polarized light 1s rotated to the right or in a clockwise direction, the
stereoisomers are said to be the (+) or the Dextrorotatory isomer. On the other hand, 1f the
plane polarized light is rotated to the left or in a counter-clockwise direction, the

stereoisomer 1s called as the (—) or the Laevorotatory isomer.



Levofloxacin 1s the levo 1somer of the racemate floxacin, a quinolone
antimicrobial agent.

Levofloxacin, a chiral fluorinated carboxyquinolone, 1s the pure
(—)-(S)-enantiomer of the racemic ofloxacin.

Distinct functional groups on this molecules include a 1. Hhydroxyl group
11. Carbonyl group, and 111. An aromatic ring.

Levofloxacin 1s the S-enantiomer and it binds more effectively to the DNA gyrase

enzyme and topoisomerase IV than its counterpart s s,
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Levofloxacin 1s the S-enantiomer and 1t
binds more effectively to the DNA gyrase

enzyme and topoisomerase IV than its counterpart.
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(A stereogenic centerJ
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2-Aminopropanoic acid

The two Alanine, non superimposable mirror images PAIR OF
ENANTIOMERS, have the same chemical and physical
properties



(+) & (-) Adrenaline (Epinephrine):

The differences in biological (or drugs pharmacological) activities for enantiomers of
(Adrenaline enantiomers for example) are due to that (-) isomer being able to achieve three
points of attachments of drug-receptor interactions with less points of attachments of the (+)

1somer (two points) with the same receptor , e.g..

The three points of attachments are:

*an anionic site for the quaternary ammonium ion
*a hydrogen-bonding site for the B-hydroxyl group
a flat site for -t interaction with the aromatic ring
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Diastereomers :
Enantiomers of a compound with more than one stereocenter that are not mirror
image and with different physical properties and often different chemical
reactivity, like
Erthyro and Threo.
Erythro and threo are common terms 1n stereochemistry used for naming
molecules with two stereogenic centers . The names derive from the saccharides
erythrose and threose, so let’s draw their Fischer projection to understand the

basis of this notation:
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MO il it v | H,OH the chiral center

Ervthrose Threose

Two H's on the same side Two H's on opposite sides

Two OH's on the same side - Two OH's on opposite sides

not mirror images nor
superimposable



Threose and erythrose exist in two enantiomeric forms which are designated

as D and L enantiomers.

Erythro or threo configurations can also be evident in sawhorse projections.
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An ervthro isomer



https://www.chemistrysteps.com/chirality-and-enantiomers/
https://www.chemistrysteps.com/d-and-l-sugars/

Examples of drug as diastereomers is Ephedrine and

Pseudoephedrine:
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