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Learning Objectives

o Learning Objectives

o By the end of this lecture, students should be able to:

1.

Understand the classification of fluoroquinolones into FQ I and FQ 11, and their differences in
spectrum and clinical use.

Describe the mechanism of action of fluoroquinolones, including how they inhibit DNA
gyrase and topoisomerase IV in bacterial cells.

Identify the common indications for fluoroquinolones and understand when to use first-
generation versus second-generation drugs.

Evaluate the pharmacokinetics of fluoroquinolones, including their absorption, distribution,
metabolism, and excretion, as well as their clinical implications.

Recognize and manage the potential adverse effects of fluoroquinolones, including risks for
tendonitis, QT prolongation, and CNS toxicity, and their clinical consequences.



_earning Outcomes

o After completing this lecture, students should be able to:

1.

S.

Explain the classification of fluoroquinolones and the role of FQ I and FQ 11 in treating a wide
range of bacterial infections.

Demonstrate an understanding of the mechanism of action of fluoroquinolones and their impact
on bacterial DNA replication, transcription, and repair.

Identify the key clinical uses of fluoroquinolones in the treatment of respiratory, urinary,
gastrointestinal, and skin infections.

Assess the pharmacokinetic properties of fluoroquinolones, including bioavailability, tissue
penetration, and elimination routes, and apply this knowledge to clinical practice.

Discuss the adverse effects and contraindications of fluoroquinolones, providing appropriate

recommendations for patient management based on risk factors like age, renal function, and
comorbidities



Introduction to Fluoroquinolones

oFluoroquinolones are a class of synthetic antibacterial
agents that are widely used for treating a variety of
bacterial infections. These drugs are a subclass of
guinolones, which are characterized by their fluorine atom
attached to the 6th position of the quinolone ring structure



1. Overview of Fluoroquinolones

oe  Mechanism of Action: Fluoroquinolones inhibit DNA
gyrase and topoisomerase IV, which are essential enzymes
for bacterial DNA replication, transcription, and repair.

oe  Broad-spectrum activity: They are effective against
gram-negative and gram-positive bacteria, including some
atypical pathogens (e.g., Mycoplasma pneumoniae and
Chlamydia).



Gram-positive and Gram-negative bacteria
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1. Overview of Fluoroquinolones

oe  QOral and parenteral administration:
Fluoroquinolones can be taken orally and also
administered Intravenously, which makes them
highly versatile for outpatient and inpatient settings.
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Classification of Fluoroquinolones

o Fluoroquinolones are classified into two generations based on their
spectrum of activity, pharmacokinetics, and clinical indications:

o 1. Fluoroguinolones (FQ I) — First Generation

o First-generation fluoroquinolones were developed for gram-
negative bacterial infections and have limited activity against
gram-positive bacteria.

o Examples of FQ | Drugs:

o A. Norfloxacin
. Ofloxacin



Key Features of FQ I:

o Key Features of FQ I:

Activity: Primarily effective against gram-negative organisms, including
Enterobacteriaceae (e.g., E. coli, Klebsiella spp.).

Limited gram-positive activity: Less effective against Streptococcus
pneumoniae and Staphylococcus aureus.

Clinical Uses: Often used to treat urinary tract infections (UTIs),
gastrointestinal infections, and prostatitis.

Pharmacokinetics: Generally, these drugs have good oral bioavailability
and are excreted through the kidneys.
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Gram negative bacteria Gram positive bacteria

Bacterial mechanisms of
resistance  to  antimicrobial
agents. The frequent
mechanisms  of  antibiotic
resistance observed in bacteria
include enzymatic hydrolysis
(1), enzymatic antibiotic
modifications through group
transfer and redox process (2),
alterations to antibiotic targets
(3), decreased antibiotic
permeability  through  porin
alteration (4), and active
antibiotic extrusion via
membrane efflux pumps (5).
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2. Fluoroguinolones (FQ I1) — Second
Generation and Beyond

oSecond-generation fluoroquinolones and those
developed later have broader antimicrobial
activity than first-generation agents, including
enhanced activity against gram-positive
bacteria and atypical pathogens.



2. Fluoroquinolones (FQ I1) — Second
Generation and Beyond

o Examples of FQ Il Drugs:

1. Ciprofloxacin (widely used for gram-negative
Infections)
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2. Fluoroquinolones (FQ I1) — Second Generation
and Beyond

o Examples of FQ Il Drugs:
2. Levofloxacin (a L-isomer of ofloxacin with better gram-positive

activity)
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|_evofloxacin

o|_evofloxacin is a third-generation fluoroquinolone and is

the pure L-enantiomer of ofloxacin.
Fluoroquinolones are broad spectrum bactericidal agents
with activity against many of the important corneal
nathogens including staphylococci, Neisseria gonorrhoea,
Haemophilus  Influenzae,  Enterobacteriaceae, and
Pseudomonas aeruginosa.




2. Fluoroquinolones (FQ Il) — Second
Generation and Beyond

o Examples of FQ Il Drugs:
3. Moxifloxacin (greater activity against gram-positive organisms and atypical
bacteria) ——
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Resistance
mechanisms of
Gram-positive
bacteria. The figure
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major resistance
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discussed in the
review, including
beta-lactamase
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ribosomal  binding
site, PBP alteration,
efflux pump, and cell
wall  modification.
(Figure created using
Biorender,
https://www.biorende
r.com/).
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2. Fluoroquinolones (FQ Il) — Second
Generation and Beyond

o Examples of FQ Il Drugs:
4. Gemifloxacin (similar to moxifloxacin but with slightly more activity against

Streptococcus pneumoniae)
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Key Features of FQ I1:

Broader Spectrum of Activity:
- Effective against gram-negative bacteria (e.g., Pseudomonas aeruginosa, Enterobacteriaceae).
o Strong activity against gram-positive bacteria (e.g., Streptococcus pneumoniae).

- Excellent activity against atypical pathogens (e.g., Mycoplasma pneumoniae, Chlamydia spp.,
Legionella).

Clinical Uses:

- Respiratory infections (e.g., community-acquired pneumonia, chronic obstructive pulmonary
disease (COPD) exacerbations).

- Urinary tract infections (UTIs), skin infections, abdominal infections, and bone and joint
infections.

- Treatment of tuberculosis in combination therapy (especially Moxifloxacin).



Key Features of FQ I1:

. Pharmacokinetics: They have excellent oral
bioavailability and are often available in both oral and IV
formulations. They are primarily excreted In the urine
(except moxifloxacin, which is eliminated via hepatic
metabolism).



Mechanism of Action of Fluoroquinolones

o Fluoroquinolones work by inhibiting two crucial enzymes involved in bacterial DNA
replication and repair:

o 1. DNA Gyrase Inhibition:
DNA gyrase is essential for relieving the supercoiling tension that occurs during
DNA replication. Inhibition of DNA gyrase by fluoroquinolones prevents DNA
unwinding, leading to the inability of the bacteria to replicate its DNA.

o 2. Topoisomerase IV Inhibition:
Topoisomerase 1V is involved in the separation of daughter DNA strands after
DNA replication. Fluoroguinolones also inhibit this enzyme, disrupting the final
stages of DNA segregation.

o The result is DNA damage and cell death due to the accumulation of double-strand
breaks in the bacterial chromosome.
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Clinical Uses of Fluoroquinolones

o Fluoroguinolones are used to treat a wide variety of
Infections, and their choice depends on the susceptibility of
the pathogen and the generation of fluoroguinolone.

o1. Respiratory Tract Infections:
. Ciprofloxacin: Effective for Pseudomonas aeruginosa
In cases of bronchitis and pneumonia.

o _evofloxacin and Moxifloxacin: Used for community-
acquired pneumonia (CAP), COPD exacerbations, and
sinusitis



Clinical Uses of Fluoroquinolones

o 2. Urinary Tract Infections (UTIs):
Norfloxacin, Ofloxacin, and Ciprofloxacin: These are commonly prescribed
for complicated UTIs and pyelonephritis.

o 3. Gastrointestinal Infections:
Ciprofloxacin: Effective against salmonella, shigella, and Campylobacter
species, often used for gastroenteritis.

o 4, Skin and Soft Tissue Infections:
Levofloxacin and Moxifloxacin: Used for skin infections, wound
Infections, and cellulitis.

o 5, Bone and Joint Infections:
Ciprofloxacin: Used for osteomyelitis caused by gram-negative bacteria
(e.g., Pseudomonas aeruginosa).



Adverse Effects of Fluoroguinolones

o While fluoroguinolones are generally well-tolerated, they can cause serious side
effects, particularly with prolonged use.

o 1. Common Adverse Effects:
Gastrointestinal symptoms: Nausea, vomiting, diarrhea, abdominal pain.

Headache, dizziness: Common neurological side effects.

Tendonitis and tendon rupture: Especially in patients >60 years, those on
steroids, or with renal failure.

QT interval prolongation: Particularly with Moxifloxacin, leading to potential
arrhythmias.



Rare but Serious Adverse Effects:

Central nervous system (CNS): Seizures, confusion, hallucinations
(particularly in elderly patients).

Cardiotoxicity: Moxifloxacin and Levofloxacin have been associated with
QT prolongation and potential arrhythmias.

Peripheral neuropathy: Can occur, especially with long-term use.
Hypersensitivity reactions: Skin rash, anaphylaxis.

o 3. Contraindications:

Pregnancy: Fluoroguinolones are generally contraindicated in pregnancy due
to potential effects on fetal cartilage.

o Pediatric use: Should be avoided in children unless absolutely necessary, due
to potential joint toxicity.
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. Contraindications:

3. Pregnancy: Fluoroquinolones are generally

contraindicated in pregnancy due to potential effects on fetal

cartilage.

. Pediatric use: Should be avoided In children unless
absolutely necessary, due to potential joint toxicity.



Pharmacokinetics of Fluoroquinolones

Drug
Drug blood concentration at
Dosing regimen concentration site of infection Drug effect

ABSORPTION g AUC/MIC
DISTRIBUTION §
ELIMINATION £
PHARMACOKINETICS PHARMACODYNAMICS

Variability in geographical
and time-dependent
distribution of the
microorganism’s MIC

Variability in weight, age, renal

or hepatic function

Pharmacokinetic/Pharmacodynamic factors affecting the dose-antimicrobial response relation. Cmax: peak plasma
concentration, AUC: area under the plasma drug concentration-time curve from tim centration-time curve from time,
MIC: minimum inhibitory concentration of an antibiotic against a bacterial pathogen.



Pharmacokinetics of Fluoroquinolones

oFluoroguinolones are  well-absorbed  after oral
administration, with good bioavailability (especially
Ciprofloxacin and Levofloxacin). They distribute widely
In body tissues, including the lungs, kidneys, bone, and
urine, making them effective for a variety of infections.



Pharmacokinetics of Fluoroquinolones

o e Absorption: Good oral absorption, although divalent and trivalent cations
(e.g., calcium, magnesium) can impair absorption.

o e Distribution: High tissue penetration, especially into the urinary tract and
respiratory system.

o e Metabolism: Some fluoroguinolones (e.g., Moxifloxacin) undergo
hepatic metabolism, while others (e.g., Ciprofloxacin) are primarily excreted
unchanged in the urine.

o e Excretion: Mostly renal, with dose adjustment required in renal
Impairment.



Summary

. Fluoroguinolones are an important class of broad-
spectrum antibiotics with excellent activity against both
gram-negative and gram-positive bacteria.

. They are classified into two generations: FQ | (first
generation) with activity mainly against gram-negative
organisms and FQ 11 (second generation) with enhanced
activity against **gram-positive
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