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Compound that interfere with the DNA synthesise and prevents the
bacteria from successfully synthesising its DNA,these drugs can
also result in DNA damage in the form of DNA double strand breaks

Fluoroguinolones
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Quinolones

FLUOROQUINOLONES

Ciprofloxacin CIPRO
Levofloxacin | EVAQUIN
Moxifloxacin AVELOX

Norfloxacin NOROXIN
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DNA Helicase

Bacteria start or attempted to initiate DNA synthesis,the first step would be to separate

DNA double strand from each other

helicase JI 92 Juadlls Laaslows (oIl aa 31 g

By breaking hydrogen bonds,+ to allow for DNA polymerase to start synthesising DNA,,it

introduced super coils distal to the replication fork and that coiling that happens to the
DNA is due to the separation process itself which introduces torsion force to the DN

molecules —the DNA molecules accumulates these super coils then it will not be helicase

be able to separate them from each other it’s like a knot (343<) in a thread you have to get

rid of the super coils before moving forward further with DNA synthesis (saxJ/ sla clds a3Y)

Lot piuslon € Al (o clua (GLiiis

DNA gyrase also called topoisomarase 2,this enzyme is essential for relieving super coils

and it does that through introducing negative supper unwind the DNA and the way it

relieves supper coils by cutting and ligase (aal1y yais)

So DNA has nuclease function (u<«iis) and then ligating the DNA molecules one more time| @.wolters Kluwer
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DNA Gyrase
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Topoisomerase |V

Interlinked daughter
DNA molecules Topoisomerase IV
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Another problem that happens specifically in bacteria
because bacteria has circulated DNA so when it synthesis a
new chromosome and reliving the super coils by using DNA
gyrase the newly forming DNA molecules will be connected
by the end of DNA replication to the parent DNA
molecule,,,and these molecules need to be separated in order
or the bacteria to divide and to relieve this connection or this
coiling another topoisomerase very similar to DNA gyrase
called topoisomerase 4 relieves the two daughter DNA
molecules from each otherﬂ

gyrse )\ Ao S 7\ 2
re\ieving bhe twe ring from
each other and Hren \\'301"'“3 again
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hey don’t interfere with nucleas function of the enzyme but
hey bind to bacterial DNA gyrase and topoisomerase 4 and
inhibits their ligation step

Lgraas ) galad (ol Ba)li 59kl urucus Jaady Lo () (oammabs glads a3 | (olAS T (o8 (oo

If the ligation doesn’t occur, this will create a broken DNA.
**Any break in the dna is considered lethal ,if this break occurs ,the
bacteria will undergo cell death.




Quinolones

DNA pol

»+ Mechanism of action Ccialing stiiind Soiipiete

* Inhibit ligation step of bacterial DNA Primer
gyrase and bacterial topoisomerase Helicase/primase complex

|V ,
-~ 5 ‘ ' : -:fi';.A' ‘
=+ -Inhibition of gyrase: increases the 3,|I'\m"(“l\ﬂ'|" b
number of permanent chromosomal '
breaks

DNA gyrase

Leading-strand template

=+ -Inhibition of topo IV: interferes with
the separation of newly replicated Single-strand binding protein si

DNA »
— beth evenks ore \ethal = ba&cﬁo‘j—% covte Do Phese compo e
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Quinolones

There is selectivity of floroquinolones to

Mechanism of action one of these 2 enzymes over the other.

*In gram -ve (we choose the floroquinolones

In gram-negative: inhibition of gyrase>topo IV |which is selective to gyrase).

*In gram +ve (we choose the

In gram-positive: |nh|b|t|0n Of tOpO IV>gyrase floroquinolones which is selective to topo 4.
What does that mean?

May be , there is some differences between the different member of the
floroquinolones famiy in their selectivity to either gyrase of

opoisomerase depending on the type of the bacteria and the type of the ; ) ) U , o ’
drug This statement refers to the mechanism of action of certain antibiotics on gram-negative and gram-positive bacteria.

Gram-negative bacteria have a double-layered cell wall structure, which includes an outer membrane. The inhibition of gyrase, a type of enzyme involved in

DNA replication and repair, is more effective in targeting gram-negative bacteria. Inhibition of gyrase disrupts the bacterial DNA structure and function, leading
to cell death.

On the other hand, gram-positive bacteria have a single-layered cell wall structure without an outer membrane. In gram-positive bacteria, the inhibition of
another type of enzyme called topoisomerase |V is more effective. Topoisomerase IV is also involved in DNA replication and repair. Inhibition of topoisomerase
IV disrupts the DNA structure and function in gram-positive bacteria, ultimately leading to cell death.

In summary, the statement suggests that certain antibiotics target gyrase more effectively in gram-negative bacteria, while topoisomerase IV is the primary
target in gram-positive bacteria. Understanding these differences allows for the development of antibiotics that specifically target different types of bacteria
based on their cell wall structures.
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Quinolones

Antibacterial spectrum
* Bactericidal
* Time-dependent killing

e Effective against gram-negative (including E.coli and Pseudomonas),
atypical, gram-positive (strep), mycobacteria....

 Levofloxacin: excellent activity against S. pneumoniae
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Quinolones

Antibacterial spectrum
* First-generation (nonfluorinated): nalidixic acid

-narrow-spectrum )9 cxw cipro £ loroem it
° Second_generat|on C_proﬂoxamn and norfloxaqn used in the treatment of urinarytract infections . \ine
_gram-negative (pseudomonas, H.influenzae) and atypical Febrest

e e o s - [The most common cause of pneumonia or community acquired pneumonia is streptococcus pneumonia
* Third-generation: levofloxacin| . ' : ity acqui -

, so it is the 1 st line treatment of community acquired pneumonia

-gram-negative, atypical and gram-positive (including S. pneumoniae and MSSA)swve MRSA
* Fourth-generation: moxifloxacin, Gemifloxacin, delafloxacin .

-enhanced gram-positive effects mcIudmg staph and strep + coverage of gram- g@ @
negative Enterobacteriaceae w#theyare neb yesy geosl  againstpsendomonag

-Homework: Which fourth-generation fluoroquinolone is effective against I\/IRSA?
&)J’) g Delafloxacin [del-a-FLOX-a-sin] has improved activ-

|ty against gram-positive cocci, including MRSA and Enterococcus
\,&\ ()’ spp. Due to its spectrum of activity, it is an option for managing . »
1 acute bacterial skin and skin structure infections. It is available as Wolters Kluwer « All Rights Reserved @. Wolters Kluwer
an intravenous and oral formulation.




Nalidixic acid is mainly against gram -ve bacteria.
*Its use is not very common.

**Ciprofloxacin is one of the drugs which are used in the treatment of urinarytract
infections .

**Levofloxcin is now commonly used to treat gram -ve and +ve infections ,e.g
urinary tract infections and respiratory infections caused by streptococcus
pneumonia.

** The most common cause of pneumonia or community acquired pneumonia is
streptococcus pneumonia, so it is the 1 st line treatment of community acquired
pneumonia .



Ciprofloxacin

* Effective against gram-negative including P. aeruginosa

* Clinical indications:

Examples of Clinically Useful
Fluoroguinolones

1. Gastroenteritis e.g., traveler’s diarrhea
)

2. Typhoid fever (Salmonelia)
3. Anthrax (drug of choice) w32\ —
4. Urinary tract infections +-+§

- (high dose for pseudomonal infections)

12/11/2023
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Examples of Clinically Useful
Fluoroquinolones

Levofloxacin

Covers all gram -ve bacteria that is covered by ciprofloxacin.
* Have a very good effect against gram +ve bacteria such as
streptococcus and methicillin sensitive staph.aureus .

*In addition to its first line usage, it is also uses for the
treatment of urinary tract infections .

* Community aquifer pneumonia is commonly caused by
gram +ve bacteria such as streptococcus pneumonia..

* Similar to cipro but also effective against gram-positive (strep not.

taph)

* Clinical indications:

“tFirst-line therapy for community acquired-pneumonia

First line : especially when the penicillin types are resistant .
*Most of penicillins (beta lactate ) cover gram +ve bacteria, if there is resistance of simple amoxicillin
and ampicillin as in JORDAN ( high resistance ) ,then the levofloxacin is the 1 st line therapy for

acquired pneumonia.
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Examples of Clinically Useful
Fluoroguinolones

Moxifloxacin an:
* Effective against gram-negative, S. pneumonia and mycobacterium
* Clinical indications:

1. For community-acquired but not nosocomial pneumonia (weak
against pseudomonas)

2. Second-line for TB

Nosocomial pneumonia ,

The most common cause of community when patient stay at hospital

acquired pneumonia is streptococcus for about 1 month , it is
pneumonia also there are other causes like caused by resistant bacteria
gram -\+ but the commonest is streptococcus Kline MRSA and

pseudomonas “main cause

pneumonia of pneumonia “

wer « All Rights Reserved




Clinical Uses of Fluoroquinolones

ANTHRAX

@ Ciprofloxacin is the drug of choice
for postexposure prophylaxis and
for treatment of anthrax. Doxycycline
is an alternate agent.

S.pneumonlae

Gram (+) bacilli

Badlllus anthracls

Gram (—) rods

URINARY TRACT INFECTIONS Enterobacter specles

@ Ciprofloxacinand fevofloxacin are
effective in treating uncomplicated
and complicated urinary tract
infections.

Klebslella pneumonlas
Leqglonella pneumophlla
Proteus mirabllls

P.aeruginosa

Serratla marcescens
hIeII specles

RESISTANT RESPIRATORY
INFECTIONS

@ Levofloxacin is often effective
in treating infections unresponsive
to [{-lactam antibiotics, such as
amoxiciffin-clavulanic acid.

® Ciprofloxacinis notthe drug of
first choice for pneumonia or
sinusitis, because it has weak activity

against S. pneumoniae,
a common causative agent.

@ Levofloxacin and moxifloxacin are
known as “respiratory fluoroquinolonas”
due to their activity versus

S. pneumoniae

]H

Atyplcal organisms

ANAEROBICINFECTIONS

@ Moxifloxacin has notable anti-
anaerobic activity.

GASTROINTESTINAL TRACT
INFECTIONS

@ Ciprofloxacinis highly efficacious in
treating acute diarrheal illnessas
due to enteric pathogens.

12/11/2023
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Fluoroquinolones and UTlIs

“Fluoroquinolones (eg, ofloxacin, ciprofloxacin, levofloxacin) are highly
effective in UTls, but these agents have a propensity for causing collateral
damage and should be reserved for important uses other than acute
uncomplicated cystitis. IDSA guidelines recommend that fluoroquinolones be
used as second-line agents for acute(uncomplicated cystitis and as first-line
oral therapy for complicated cystitis”.

Ciprofloxacin H (u,¥/ oS resistance Lic + resistance J/ yba s second g first line Lie Lo

International Clinical Practice Guidelines for the Treatment of Acute
Uncomplicated Cystitis and Pyelonephritis in Women: A 2010 Update by
the Infectious Diseases Society of America and the European Society for

Microbiology and Infectious Diseases
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Fluoroquinolones

B. Chromosomally-Encoded 4
Ciprofloxacin Resistance Mechanisms S )

Mechanisms of resistance 4
-mainly chromosomal o B ek il VY

Mutant Topoisomera: e )

Us Altered target:
-mutations in gyrA or parC
© ¢ Decreased accumulation
-porin channels
-efflux pumps e
©)¢ Fluoroquinolone degradation % “;_,'
o Cross-resistance ‘oecuse hhey share the -

Same  mechaniom of ackion

C. Plasmid-Borne ¢
Ciprofloxacin Resistance Mechanisms ) ¢ ¢
| |
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The targets are gyrase (topo 1) and topo 4

this bacteria can use this mutation , alter the structure of the 2 enzymes in the way that
decreases their affinity to floroquinilones and this is the main mechanism of resistance
against floroquinolones (alteration of the targets of the drug) in the same way that the MRSA
alter the structure penicillin binding proteins “target for beta lactams”.

chromosomal. Why?! Because it contains genes that encode
for topo 2\4.

— parC: produces topo 4.

—gyrA: produces gyrase.

opoisomerase in DNA they have to cross through porin channels in gram-,so

hese compound need to be internalised within the cell to reach
som of gram- reduce the permeability of their channels to these compounds

-porin channels




Fluoroquinolones

Pharmacokinetics
* Absorption
-mainly oral — IV/ophthalmic preps of

cipro and levo

-food, Ca**, Al** and Mg** interfere with
a bsorption —> similar to tetracyclines

e Distribution

-very well distributed (high conc in bone,
urine and lung)

-good CSF distribution

-concentrate in  macrophages

neutrophils very geeol for bre bment
akypical backeria

and

12/11/2023

Copyright © 2018 Wolters Kluwer * All Rights Reserved

90% bioavailability

'\

20-80% are protein-bound

ofod

;'Gproﬂoxacf; )
Levofloxacin Clorofarac:
Moxiflaxacin G%M,ﬂ
Nor floxacin : :

: i Moaxifloxacin

Metabolites

appear in
urine

Fluoroquinolones

90% of the drugs are
given orally (high
bioavailability). They
have variable degrees o
proteins binding to
plasma proteins in the
plasma (20%-80%)
depending on the drug.

<. Wolters Kluwer



Fluoroguinolones

Pharmacokinetics

It is very well-absorbed with water.
It is less-absorbed with milk .

It is definitely concentrated in the urine that is
why they are given for the treatment of urinary
infections , also they can distribute to the lung
fluid that is why they are also given for the
treatment of respiratory infections .

§ It can concentrate immune cells , mostly in
macrophages and neutrophils .

Plasma ciprofloxacin {;29/mL})

3-

Ciprofloxacin, 500 mg

+water -
+milk  —
+yogurt s

2 4 &

B
T 7 —
10 24

o0 =

Time {(hours)
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Fluoroquinolones

Pharmacokinetics
 Elimination
-most fluoroquinolones are excreted renally

-Moxifloxacin is excreted by liver (can be used in patients |
with renal impairment) becose it et depeved on ficluy eliminali~

Similar to the elimination of the cell wall
inhibitors
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Adverse effects

-generally well-tolerated
° N/V/D A ausea [ Uaml-ivtj/ Di"rr)‘ﬁ"‘
f
e [° Headache and dizziness
(a2 «* Peripheral neuropathy and glucose

Quinolones

\'4

Diarrhea

\'4

MNausea

Headache

dysregulation|e.|ucose dysregulation is similar to what happens in diabetes.|

* Phototoxicity
black

(boxed warning) Articular cartilage
erosion, tendinitis, tendon rupture

Qt prolongation (cardiac toxicity ) :can
cause cardiac arrhythmia

Ceor any sever lite \—)\rew@“"’ﬂ ADE

12/ 11/28?3 ainolones have L hox ecl u/afﬁ.li‘g\ﬁ@ 2018 Wolters Kluwer + All Rights Reserved

* QT prolongation

Dizziness

Tendon Ve
rupture AN

@MWOIters Kluwer



Quinolones

Drug-drug interaction L ‘
. _ goLwd! Vs Theophyliine Serum
* Cipro Can@ ' Warfarin ::> concentration
metabolism of Cydosporine increases

theophylline, others

 Quinolones can raise serum

warfarin nunnm Ciproffoxacin

Ciprofloxacin inhibit the metabolism of
arfarin resulting in the increase of the
warfarin concentration in the plasma

Metabolites
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