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Macrolides and Ketolides
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The macrolides are a group
of antibiotics with a

macrocyclic lactone Macrolides and Ketolides
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attached Big structure synthetic
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Macrolides and Keto

Mechanism of action

- bind irreversibly to a site on the

50S subunit of the bacterial
ribosome

|Consequences|

- Inhibit translocation step

that disrupt elongation results in
inhibition of the protein synthesis

transfer growing peptide

- Interfere with transpeptidation [ce sewaminbaeias

- Binding site identical/near that of
clindamycin or chloramphenicol
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Erythromycin
and dindamycin
bind to the 505
subunit, thus
inhibiting
translocation.
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and
clindamycin

Translocation
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Macrolides and Ketolides

Antibacterial spectrum
-bacteriostatic (can be —cidal at high doses)
* Erythromycin

= 190 (dewindl (6 90 Caucundil (o (93 switch Jas! a)¥ dacslowadl dlSiin Jao Gldis Luud)

-similar spectrum(ts penicillin G e o S oss ik atoray 3 st St e o]
-used in cases of penicillin allergy_. T cae of wse Cephalosporins
* Clarithromycin Sl

-similar to erythromycin

-effective against intracellular pathogens, e.g. Chlamydia, Legionella, H.
Pylori etc...

the main bacteria that causepeptic ulcer(enter the gastric
mucosal& stay there)
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Macrolides and Ketolides

Antibacterial spectrum

* Azithromycin

|RTI: respiratory treatment infection|

-less active against staph and strep species

-more active against RTI due to H. influenzae or M.catarrhalis

-increasing S. pneumonia resistance

|Concentration dependent |
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Clinical Spectrum of Macrolides

CORYNEBACTERIUM
DIPHTHERIAE

@® Erythromycinor peniciflin is used
to eliminate the carrier state.

-

— CHLAMYDIAL INFECTIONS

® Azithromycin or doxycycline are
preferred therapeutic options.

Gram (+) cocci

M&MW

Moraxella catarrhalls
Nelsseria gonorrhoeae
Gram (=) rods

Bordetella pertussis
Campylobacter |ejunl
Haemophllus Influenzae

Mycoplasma

Chlamydia
Chlamydia psittacl
Chlamydlatrachomatls

Mycobacterium avium
complex 2

LEGIONNAIRES DISEASE
(LEGIONELLOSIS)

@ Undiagnosed and asymptomatic
infections are common.

@ Fluoroquinolones or azithromycin
are preferred therapeutic
options.

e —
® Called “atypical” pneumonia

~

Do Ll :_

MYCOPLASMA PNEUMONIA

because causative mycoplasma
ascape isolation by standard
bacteriologic techniques.

B Azithromycinor doxycycline are
preferred therapeutic options.

MYCOBACTERIUM AVIUM COMPLEX

® Azithromycinin combination
with rifampin and ethambutol is
preferred treatment of MAC
infections.

® Once-weekly azithromycinis
usad as MAC prophylaxis in
patients with AIDS.
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Macrolides and Ketolides

Mechanisms of resistance
1) the inability of the organism to take up the antibiotic

2) the presence Of Efflux pumps |Protein synthesis happened in cytoplasm|
3) a decreased affinity of the 50S ribosomal subunit for the antibiotic

4) the presence of plasmid- associated erythromycin esterases in
gram-negative organisms s 08 53 S T Ty i 2 )
:{

das (sas s dujﬁ Jas |

mutation of) J/ &b u‘ 50s casls structure// @
Cro AR 920 a9 eliny ole JAns ualg ddusls ¢ sa2as( chromosome
TLa8L) i JSBIS ,udis Jaaiy gub 5L

Both clarithromycin and azithromycin share some
cross-resistance with erythromycin. Telithromycin may

be effective against macrolide-resistant organisms. Copyright © 2018 Wolters Kluwer « Al Rights Reserved :;_J Wolters Kluwer




Macrolides and Ketolides

Pharmacokinetics
 Administration

Distribution

The erythromycin base is destroyed by gastric acid

oral (enteric-coated tablets for erythro)
Erythro and azithro are available IV

-distribute well in body fluids except CSF

 Elimination
-hepatic metabolism

|they useshave no treatingnervous system infections|

S. Pneumonia +
meningitis

azithro

-Inhibit CYP450 system (drug-drug

interactions)

erythromycin

12/7/2023

[ Does not

penetrate
the CNS

Metabolites of
erythromycin and
azithromycin

appear in bile

darithromycin

appears in
the urine

Azithromycin

Clarithromycin
Erythromycin

e odils (la) (0 sa9 erythromycin <akac(g infection ¢ Lyl (a0 (o
bleeding § guic g 349 oaaan =y Warfarin
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Macrolides and Ketolides

Pharmacokinetics

* Administration

- oral (enteric-coated tablets for erythro)
- Erythro and azithro are available IV

* Distribution

-distribute well in body fluids except CSF
* Elimination

-hepatic metabolism

-Inhibit  CYP450
interactions)

system  (drug-drug

12/7/2023

Telithro-

o~

Erythro- |Clarithro- | Azithro-

mycin  |mycin mycin  |mycin
Oral
algzorption Yes Yes Yes Yes
Half-life 2 3.5 >40 10
(hours)
Conversion
to an active No Yes No Yes
metabolite
Percent
excretion
St e 15 50 12 13
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Macrolides and Ketolides

Drug-drug

interactions

* Inhibit hepatic
metabolism of a
number of drugs

12/7/2023

“

Atorvastatin

Carbamazepine

Cyclosporine

Simvastatin Serum
Theophyliine concentration

Valproate increases
Warfarin

Protease inhibitors

Erythromycin
Q <""" Gt Clarithromycin

Telithromycin

Metabolites
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Yes, high doses of erythromycin can indeed cause smooth muscle contraction and enhance bowel movement. This can be beneficial in certain situations where
a patient is experiencing gastric distress or impaired gastrointestinal motility. Erythromycin is sometimes used as a prokinetic agent to help promote emptying
of the stomach and improve intestinal transit in conditions such as gastroparesis or delayed gastric emptying. However, it's important to note that erythromycin
is primarily an antibiotic, and its use as a prokinetic agent is considered off-label. The decision to use it for this purpose should be made by a healthcare
professional based on the individual patient's needs and any potential risks associated with high-dose erythromycin therapy.

Macrolides and Ketolides e
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Adverse effects
* Gastric distress and motility

-high doses of erythromycin cause smooth
muscle contraction and bowel movement.
Could this be helpful? s s weudtb s s

dibes uhch eslin &l ey

Gl disturbance

- People with (\il:ablllltles un;ontr(TII;g Jaundice
* Jaundice miy s s s
. promotes to gastric movement Jass erythromycin J/
* Ototoxicity
* Hepatotoxicity
-contraindicated in patients with hepatic Ototoxicity

dysfunction
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Fidaxomicin

Copyright © 2018 WoItevI

Clostridium difficile (C. difficile) is a type of bacteria that can cause
inflammation of the colon, leading to a condition known as C. difficile infection
(CDI). CDI is often associated with antibiotic use, as antibiotics can disrupt the
normal balance of bacteria in the gut, allowing C. difficile to overgrow.




Fidaxomicin

* Structure: macrocyclic, similar to macrolides toncail

* MOA: acts on the o subunit of RNA polymerase = disruption of
bacterial transcription = protein synthesis

* VVery narrow-spectrum: gram-positive aerobes/anaerobes

* Poorly absorbed (remains in Gl tract), primarily used for C. difficile
infections

e Cross-resistance with other antibiotics is rare. Why?
 Cross-allergy with macrolides
» Adverse effects: nausea, vomiting, abdominal pain
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Aplastic anemia and hemolytic anemia are two different types of anemia, and G6PD deficiency is a condition that can be associated with
hemolytic anemia.

Aplastic anemia occurs when the bone marrow does not produce enough red blood cells, white blood cells, and platelets. This can
result in a reduced number of red blood cells, leading to anemia. Aplastic anemia can have various causes, such as autoimmune
disorders, exposure to toxic substances, or certain medications.

Hemolytic anemia, on the other hand, occurs when red blood cells are destroyed at an accelerated rate, leading to a lower number of red
blood cells and consequent anemia. One possible cause of hemolytic anemia is G6PD deficiency.

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an inherited condition where the body lacks sufficient amounts of the
enzyme G6PD. This enzyme helps red blood cells function properly and protects them from damage caused by certain substances,
including specific medications, infections, or ingesting fava beans. In individuals with G6PD deficiency, their red blood cells are more
susceptible to destruction (hemolysis) when exposed to these triggers, resulting in hemolytic anemia.

It is important for individuals with G6PD deficiency to avoid triggers that can lead to hemolysis. This includes certain medications, such
as certain antibiotics or antimalarials, as well as avoiding fava beans and certain infections. If anemia occurs, treatment may involve
managing the underlying cause, blood transfusions, or other specific treatments as determined by a healthcare professional.
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Chloramphenicol

* Broad-spectrum
e Mainly —static (but can be —cidal)
* Limited use due to high toxicity

* MOA: reversibly to the bacterial 50S
ribosomal subunit and inhibits peptidyl
transferase reaction

* Given IV: can be secreted in breast milk
Contraindicated in breastfeeding mothers

12/7/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved

Chioramphenicof inhibits
peptidyl transferase.
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Chloramphenicol

Adverse effects

* Aplastic anemia, hemolytic anemia
~ in case of G6PD deficiency oxssivesiess

(¢ Gray baby syndrome

-accumulation of the drug due to
underdeveloped liver/kidney

fu n Cti O n S IThis leads to drug accumulation to concentrations that interfere with the
function of mitochondrial ribosomes, causing poor feeding, depressed
breathing, cardiovascular collapse, cyanosis

@Ca n Ca u Se d eat h Adults who have received very high doses of

chloramphenicol may also exhibit this toxicity.

* Drug-drug interactions
-inhibits liver enzymes
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Critical Thinking Question

?

Since chloramphenicol is toxic due to its targeting of the mammalian
protein synthesis ... which type of ribosomes in mammalian cells will be
most susceptible to inhibition by chloramphenicol? And why?

Mitochondrial mammalian ribosomes because the structure of mitochondrial
ribosomes more closely resembles bacterial ribosomes
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Clindamycin
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Clindamycin

* MOA: same as erythromycin

* Effective against gram-positive bacteria:
staph INCLUDING MRSA).. per -fife Hhresticg

 Oral and IV

* Adverse effects: skin rash, diarrhea
associated with pseudomembranous

colitis caused by overgrowth of C.
d’ffCile b“’“‘t o Sv\pef\'wf;ed-(m U‘-:‘——->\>\_5/

spea' Mwe

- Treated  with  vancomycin  or
metronidazole
ol

* -  [Fidaxomioin]
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Oxazolidinones
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vancomycin-resistant enterococci

* Developed to treat

ldentical to Vancomycin|

Linezolid

|Use it alternative to vancomycin |

resistant gram-

positive organisms, such as MRSA (not

bacteremia. TWhy?),

VRE, resistant

mycobacterium and penicillin-resistant

streptococci
* MOA: binds

to the bacterial

23S

ribosomal RNA of the 50S sub-unit,
thereby inhibiting the formation of the

70S initiation complex

 Bacteriostatic (-cidal against strep)

12/7/2023
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Enterococcus faecalis
{including vancomycin-resistant strains)

Enterococcus faecium
{including vancomycin-resistant strains)

Staphylococcus epidermidis
{including methicillin-resistant strains)

Staphylococcus aureus
{including methicillin-resistant strains)

Staphylococcus haemolyticus

Streptococcus pneumoniae
{including penidillin-resistant strains)

Viridans group streptococci

Gram (+) bacilli

Corynebacterium spedes

Listeria monocytogenes
: 3.

Gram (=) rods
Anaerobic organisms

Clostridium perfringens

Chlamvdia
llarmydia

Mycobacterium tuberculosis

4

(:_':LWolters Kluwer




Linezolid

* Main clinical uses: Treatment of drug-
resistant gram-positive organisms

e.g., alternative to daptomycin for VRE

* Pharmacokinetics: oxidized in the liver

into two

inactive

excreted in urine

e Adverse

effects:

metabolites =2

Gl upset,

thrombocytopenia, serotonin syndrome,
peripheral neuropathy (with prolonged

use)

12/7/2023
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Gram (+) bacilli

Mycobacterium tuberculosis

Listeria monocytogenes

I

Anaerobic organisms
Clostridium perfringens

Enterococcus faecalis
(including vancomycin-resistant strains)

Enterococcus faecium
{including vancomycin-resistant strains)

Staphylococcus epidermidis
{including methicillin-resistant strains)

Staphylococcus aureus
{including methicillin-resistant strains)

Staphylococcus haemolyticus

Streptococcus pneumoniae
{including penidllin-resistant strains)

Viridans group streptococci

Corynebacterium spedes

) COCCI

~ e
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.
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