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This course introduces the
fundamental principles of
pharmacology, focusing on:

o Drug classification
systems

Mechanisms of drug
action

Pharmacokinetics
(ADME)

Pharmacodynamics

Drug-drug interactions

Toxicology and drug
safety
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Topic

Introduction to Pharmacology

2 Pharmacokinetics (ADME)

3 Pharmacodynamics

4 Steroid & Non-Steroid Drugs

5) Nervous System Pharmacology
§) Cardiovascular Pharmacology

4 Antimicrobial Agents

8 Endocrine & Metabolic Drugs

9 Hematology & Chemotherapy
10 General Toxicology

11 Clinical Toxicology & Drug Safety
12 Student Presentations & Review
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Learning
Objectives

Connect mechanism — drug —
disease — resistance




Antimicrobial Agents
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Introduction to Antimicrobial Agents T

Chemical substances that:

= Kill microorganisms
(microbicidal)

= |nhibit their growth
(microbistatic)

Types:

= Antibacterial (antibiotics)
= Antiviral

= Antifungal

= Antiparasitic

Prevent or treat . Prevent or treat
infections caused by infections caused by

Viruses

Bacteria

Antibiotics

(also known as
antibacterials)

" Antimicrobials
are medicines
used to prevent and treat
infections caused by
microorganisms in :

% humans, animals and 4
’ plants :

such as cellulitis, Urinary Tract
Infection, tuberculosis (TB),
Sexually Transmitted Infections
(STls) like gonorrhoea

such as colds, flu,
chickenpox/shingles,
COVID-19 or HIV

Prevent or treat
infections caused by

Prevent or treat
infections caused by

Fungi Parasites
Antiparasitics

An antimicrobial

drug works against only one
type of organism

Antimicrobial Resistance:

such as thrush, ring when the microorganisms change or mutate over time such as malaria,
worm and athlete’s foot and get to a point where they no longer respond to threadworm and headlice
© Crown copyright mediCineS preViOUSW Used tO treat them https://antibioticquardian.com/antimicrobials-amr-ams/




Introduction to Antimicrobial Agents
Selective toxicity:

Targets structures unique to microbes:
o Cell wall

o [0S ribosome

o Unique metabolic pathways

Human cells lack:

e Peptidoglycan

» Bacterial ribosomes — ideal targets




Classification of Antimicrobials

Based on target: Based on activity:

* Bacteria — Antibiotics * Bactericidal

* Viruses — Antivirals * Cause irreversible damage
 Fungi — Antifungals * Lead to cell death

* Parasites — Antiparasitics » Bacteriostatic

 Reversible inhibition

 Depend on immune system

v Immunocompromised patients — need cidal drugs




[ Cell-wall synthesis|

. Eeni;il:ins i
¢ Cephalosporins
' : e
* Monobactams
Mechanisms
of Action
Antibiotics exploit 5
DNA-directed —— Folic acid * Sulphonamides . p
RNA polymerase 7 metabolism * Trimethoprim m a_] or ta rgetS:

1) Cell wall synthesis

2) Protein synthesis
(ribosome)

70S initiation
complex

3) DNA replication

| Oxazolidinones | |Protein synthesis|
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* Macrolides, * Aminoglycosides
» Chloramphenicol | | = Tetracyclines
» Clindamycin

4) Metabolic
pathways

5) Cell membrane
integrity

[ Antibiotic [ Target




Cell Wall Synthesis Inhibitors

Target: B-lactam mechanism
of action

* Peptidoglycan (unigue to bacteria)

Mechanism: Synthesis =

ABX-free PBP

transpeptidase
Cell Wall pei

.Yerminal D-Ala

* Inhibit transpeptidase enzymes (PBPSs) e Tarcontete

Pen Ceph Mono Carbo

o . . . D-Ala-D-Ala structural mimics: (30) QO @9 @O
Prevent cross-linking — weak wall — lysis e

to transpeptidase
active site

Drug classes:
* [-lactams: Penicillin, Cephalosporins, Carbapenems

* Glycopeptides: Vancomycin

Block of transpeptidase activity interrupts
cross-linking & cell wall synthesis




Protein Synthesis Inhibitors

Growing
peptide chain

Bacterial ribosome: macrolides,

streptogramins

chloramphenicol, pleuromutilins,
oxazolidinones, streptogramins,
lincosamides

5 Isoleucyl-tRNA

T )
5=

« 70S =30S + 50S

tRNA

Mechanisms:

* Block tRNA binding

mRNA GU(;CACAAUG[AAUCAUCGUC.UA'G'AU

* Prevent peptide bond formation ;A ~- \GTP

« Cause misreading of mMRNA A b o e i
tetracyclines
Drug Action aminoglycosides
Tetracycline blocks tRNA entry
Aminoglycosides misreading mMRNA
Macrolides block elongation




DNA & RNA Synthesis Inhibitors

Fluoroquinolones:

* |nhibit DNA gyrase/topoisomerase Il

* Prevent DNA supercoiling
Rifampicin:

* Inhibits RNA polymerase
* Blocks transcription

Clinical importance:
o TB treatment
o Broad-spectrum infections

Gram Negative Bacteria

Supercoiled XDNA D@q
Bacterial DNA D@{ D@Q

Gram Positive Bacteria

Catenated DNA

Decatenated DNA

DNA Replication

X

DNA Gyrase D@Q'
\HO o

Topoisomerase IV




Metabolic Pathway Inhibitors

Target:
* Folic acid synthesis
Drugs:

* Sulfonamides — inhibit
dihydropteroate synthase

* Trimethoprim — inhibit dihydrofolate
reductase

Para-aminobenzoic acid (PABA) dwam

Dihydropteroic acid

Trimethoprim

l Dihydrofolic acid

Dihydrofolate
reductase

Tetrahydrofolic acid

|
l

l

Sulphonamide

Dihydropteroate
synthase

(active form of folic acid)




Cell Membrane Disruption

Mechanism:

* Disrupt phospholipid bilayer

 (Cause leakage of ions and

proteins

Drugs:

* Polymyxins — Gram-negative

 Amphotericin B — fungi (binds

ergosterol)
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Spectrum of Activity

Narrow spectrum:
GRAM [+) CELL-WALL GRAM -] CELL-WALL

e Specific organisms

Teichoic acid Lipoteichoic acid

e /
 Example: Penicillin \ \‘ O-specific side
f " :

Broad spectrum: |

Peptidoglycan <

/Porin

} Lipopolysaccharide

Outer membrane
Broun S

NWH—

-
-
|
* Multiple organisms : - > .
eriplasmic space —
. . Plasma membrane VWS Plasma membrane )(
> Example TetracyCllne andmtegralprotems and integral proteins | )

\. Periplasmic space
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Broad vs Narrow Spectrum Antibiotics

Feature Broad-Spectrum Antibiotics Narrow-Spectrum Antibiotics
Definition Active against a wide range of bacteria ﬁ;ﬂ}[/eer;gamst S RERL

Usually Gram-positive or Gram-

Tar i Gram-positive and Gram-n iv .
arget organisms o egative negative

Tetracycline, Amoxicillin-clavulanate,

Examples Chtofloxtin Penicillin G, Vancomycin

Clinical use Empirical therapy (unknown pathogen) Targeted therapy (known pathogen)
Effect on microbiome |High disruption (kills normal flora) Minimal disruption

Resistance risk Higher risk of resistance development Lower risk

Use in practice Severe infections, mixed infections oniTmedyniections,(ciiture-

based)

Side effects More superinfections (e.g., C. difficile) Fewer side effects
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Antimicrobial Resistance

Mechanisms:

1. Enzymatic degradation
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1. B-lactamase

O
Vi

Expression of alternative
enzymes or off-targets
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O Target site 8
protection
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Principles of Antimicrobial Therapy

1. Accurate diagnosis

2. Culture & sensitivity

3. Appropriate drug selection
4. Correct dose & duration

Wrong drug = resistance + treatment failure




Adverse Effects

Allergic reactions — immune
response

Nephrotoxicity —
aminoglycosides
Hepatotoxicity — metabolism
overload

Superinfection — microbiome

disruption

Hematotoxicity

- Agranulocytosis

- Thrombocytopenia
- Neutropenia

Hepatotoxicity:

- Drug induced liver injury
- Cholestatic Hepatitis

- Acute hepatitis

Clostridium difficile
Infections

Microbiome changes

Neurotoxicity:

-seizures

-non convulsivant status
epilepticus
-hallucinations
-encephalopathy

Allergy

Mitochondrial toxicity

Nephrotoxicity:

-acute interstitial nephritis
-renal damage associated
with drug induced
haemolytic anaemia
-renal obstruction by
crystallization




Combination Therapy

Advantages:

* Synergy

 Broader coverage

* Resistance prevention
Example:

 TB therapy:

e |soniazid + Rifampicin + others
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Antiviral
Agents

Spike (S)
Nucleocapsid (N)
Membrane (M)

@® Sspike inhibitors R ( .L{C‘ LQ‘
ST o B
g DS FDOO1 _Arbldvol Chi
y Envelope (E) ——= J 7 .\ ’ l%‘ s
Ch a I Ie nge- RNA viral genome f _,L_Q Extracellilas iii_:; © Exocytosis n{'
@ Binding and viral entry via T T T &.{V Cytoplasm M'
V. r Ses Se h OS t membrane fusion or endocytosis /
¢ Iru u
] @ Release of viral genome Py . i Formation of
machinery X, NV Y S mature viron

RNA genome o ' Virus inside an A,
: i olgi vesicle e
Phycobilins (hoones) ®© RdRp inhibitors ~ Remdesivir Gossypol golg i
HO . . Ty .
Ta rgets: i ,\Q 9, Ho - ® RNA helicase inhibitors H| - z %)5 ©E inhibitors  HMA
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