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tRNA with first large ribosomal
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INITIATION

Transitional complex forms, and tRNAs bring amino acids one by Release factor recognizes stop codon,
tRNA brings first amino acid in

one to add to polypeptide chain. translational complex dissociates, and
polypeptide chain to bind to start completed polypeptide is released.
codon on mRNA.
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Tetracyclines
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Tetracyclines

OH O HO 8 O O TETRACYCLINES

NH, Demeclocycline DECLOMYCIN

e Doxycycline VIBRAMYCIN
Minocycline MINOCIN
Tetracycline

Tetracycline
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Tetracyclines

Aminoacyl-tRNA @

Mechanism of action
-bind |reversibly)to thel30SI

subunit of bacterial

ribosomes

-prevent the binding of Tetracyclines
tRNA to the mRNA- el
ribosome complex g;f;ﬁ‘;gm';?m 1
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Tetracyclines

Antibacterial spectrum
* Bacteriostatic

Cuse pramario e Effective against gram-positive, gram-negative, protozoa, spirochetes,
Ménap\asm Bacseria hatypical' etc

I commonly used for the treatment of:

el e 78 ol
1.Acne (doxycycline) S Cutibacterium acnes, bacteria that causes it
Chlamydia (doxycycline)

N

Peptic ulcer disease (tetracycline)
Lyme Disease (doxycycline)
Mycoplasma Pneumonia (doxycycline)

e W
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CHOLERA

Staphylococeus aureus ® Cholera is causad by Vibrio cholerag
(Including methicliin- d in fecall food
LYME DISEASE resistank sraing) <l ”

@ This is a spirochetal infection caused by Atrectococcus pneumonlae

- @ The organism multiplies in the gastro-
Gram (+) bacilli Intestinal tract, where it secrates an
Bacillus anthracis in that prod i
T

@ Infection results tn skin lesions, headache, G @ Treatment includes doxycycline, uhich )"\mvacﬂw(ak l o

and fow, Gram (-)rods | redluces the number of intestinal vibrios,

2 by m
and, eventually, arthritis. and fluid rep! t
@ A buli's-aye pattern rash with a red outer @—

Borralia isease is
transmitted by the bite of infectad ticks.

ring, called arythema migrans is a halimark r3l
of Lyme disease *{atetracy<line + geitanicia) CHLAMYDIAL INFECTIONS
Anaerobic organisms @ Chlamydia trachomatis is the major cause
@ Doxycycline isoneof the preferred
therapeutic options. Clostridium perfdngsns of sexually transmitted disease in the

Clostridium tetanl United States. It causas nongonococcal

urethritis, pelvic inflammatory disease,
and lymphogranuloma venereum.
Borrella burgdorfer| @ Chiamydia psittaci Mhacosts,
g Leptospira interrogans causes psittacos|
Treponema palll which usually takes the form of pneumonia.
Cther clinial forms include hepatitis,
myocarditts, and coma.

Mycoplasma

MYCOPLASMA PNEUMONIAE
S ¥/ coplasma pneumoniae

Hiycoplasma | orwalking E ® Doxycycline or azithromycin is used to
pReumonia, sjmn!lmcausoofn . T g treat mhmdhl!d@bqs,
adults and in people who live in close Other

confines, such as in military camps. _ ROCKY MOUNTAIN SPOTTED FEVER
@ Treatment with a macrolide or doxycyciine
s effective.

® Response to tetracyclines is promptif
the drug is started early in the disease
process.
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Tetracyclines

Mechanisms of resistance “hoinones e
« tetracyclines « fluoroquinolones
* Efflux pump (most s
common) )
* Enzymatic inactivation of M.
the drug ' L 9 0

* Interfering with binding to
ribosomes 8y bcierial proseins

\ A7
{ Target modification
W = fluorogquinolones
« rifamycins

H 1 I ivati f
)6 * Cross-resistance is not yraonishasan - vancomycin
. amlno?gvecosmes . |5~Iac:r;\:
« macrolides « macrolides
CO m m O n « rifamycins + aminoglycosides
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Tetracyclines

Pharmacokinetics
Absorption

* Oral

* Adequately absorbed

On empty stomach

o J absorption when
administered with dairy (high
cations) > formation of

With A{OH), antacid

Plasma concentration of tetracycline (pg/mL)

o With milt( -
nonabsorbable chelates-< 0 5 10
' {J\ Hours after admlnl_strallon
* AHWC/{,XS:% L—tal/é’ caHons - ) of atetracycliie
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Tetracyclines

Pharmacokinetics
Distribution

* Distribute lel in body fluids, including
CSF Q'Ah‘b use #ﬁr menmgjns.

* Bind to tissues undergoing calcification
e.g., bones, teeth.

* Cross placenta and deposit in fetal bones
Elimination

* Tetracycline eliminated unchanged in
urine

°}Doxycyc|ine\e|iminated in bile/feces

12/7/2023
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Dohﬂggh'ne and minocycline )
achieve therapei

concentrations in CSF

AVA

s
H Doxycycline
inocycline

Doxycycline glu-
curonide is excreted
via bile

Most tetracycling
are reabsorbed fro
bile, metabolized to
glucuronides, and
excreted in urine

Tetracyclines
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Tetracyclines

Adverse effects

* Gastric discomfort:
-irritation of gastric mucosa
-esophagitis

 Effects on calcified tissues

-deposited in tissues undergoing

calcification, e.g., bones in children.
2l

1 4 abnormal or incomplete
_d e nta I hypo p I asla development of an organ or tissue

-growth problems
-pediatric use is limited

12/7/2023
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Gl disturbance Deposition of
drug in bones

and teeth
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Tetracyclines

Adverse effects v v
* Hepatotoxicity

* Phototoxicity:Fegyen ih=»Te£racaLﬁHchm€clocgclMe

-severe sunburns (recommended sheeriailure Potatoxicity
to wear sun protection)
* Vestibular dysfunction: V
-dizziness, vertigo, tinnitus
* Pseudotumor cerebri

Benign, intracranial hypertension characterized by headache and blurred

vision may occur rarely in adults. Although discontinuation of the drug Vertigo Avoid in pregnancy
reverses this condition, it is not clear whether permanent sequelae may occur
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Tetracyclines

Contraindications
Pregnant women

Breast-feeding women

.-) .
Pediatric age group <8 years DY l@mO@mc 1%(

————
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Glycylcyclines
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Tigecycline

H -
T A OH
Derivative of rTwlnocycllnfe \{/H\)LN””Z
* Same mechanism of action
as tetracyclines Tigecycline (§8)

e Similar _mechanisms _ of Houw MO Loy YO

B OH B T OH
resistance w OO
OH
OH O OH O O OH O OH O (o}
Tetracycline (59) Minocycline (60)
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Tigecycline
Not useX os First line
Antibacterial spectrum
* Effective against MRSA
* Effective against multi-drug resistant streptococci
* Effective against vancomycin-resistant enterococci (VRE)
* Effective against ESBL gram-negative bacteria
* Effective against Acinetobacter spp
* NOT effective against Pseudomonas
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Aminoglycosides

12/7/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved -_') Wolters Kluwer



Aminoglycosides

AMINOGLYCOSIDES

Amikacin
Gentamicin GARAMYCIN
Neomycin NEO-FRADIN
OH CHy \y fn T2 <Streptomycin

Cysrec Horosic v dulrens < Tobramycin TOBREX
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Aminoglycosides

Mechanism of action
Aminoghxosides bind to the 308

o Ri i i subunit, distorting its structureand
Bind to 30S ribosomal subunit I e

* Interfere with assembly of the
functional ribosomal
apparatus

* Cause the 30S subunit of the
completed ribosome to
misread the genetic code

=CGG UAAMA?:.

mRNA
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Aminoglycosides

Antibacterial spectrum

* Bactericidal

* Concentration-dependent Cnux = 5 10 #imes of MTC

Exhibit PAE

DRUG resistant P. aeruginosa)

* Used in combination with B-lactams

12/7/2023

12/7/2023

Effective against gram-negative bacilli (INCLUDING multi-

\( Glemﬂ‘ﬂ'\é,d\ﬂ A Ampﬁa’“m QfﬁN@OY\atm{ mmnjms
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TULAREMIA

® Tularemia is acquired during rabbit-
hunting season by hunters skinning
infected animals.

[ B ic tul i Its from
infection by the respiratory route
or by bacteramic seeding of lungs.

@ Gentamicinis effective in treating
this rare lymphoid disease.

SYNERGY

® Aminoglycosides may be added
to [-lactams for synergy for
ect serious gram-positive
infections.

Gram (+) cocci

EmLQS%QHSPKWS
{ampicifin - gentamidn)

S;txp&g&muamhﬁm
tampiciflin + gentamidn)

Arsrm 4 L

Gram (=) rods
Acnetobacter baumannll

Brucellaspecles
(gentamicin ~doxycydne)

Gram (=) rods

Adinetobacter baumannll

Brucellaspecles
(gentamicin ~doxycydine)

Frandsalla tularensls
(gentamicin)

Klebsiella specles
Pseudomonas aeruginosa

Yersinla pestis
{streptomycin)

INFECTIONS DUE TO
PSEUDOMONAS AERUGINOSA

® Pseudomonas aeruginosa rarely
attacks healthy individuals, but
can cause infections in patients with
specificrisk factors (e.g., recent
antibiotic exposwe, prolonged
hospitalization, bronchiectasis).

@ Treatmentincludes tobramycin
alone (e.g., for UTD or in combination
with an antipseudomonal -lactam
(e.g., for pneumonia).

Some clinical uses of aminoglycosides

Copyright © 2018 Wolters Kluwer « All Rights Reserved
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Aminoglycosides

Mechanisms of resistance

1) efflux pumps

2) decreased uptake

3) modification and inactivation by plasmid-associated synthesis of
enzymes that hydrolyze aminoglycosides

-Amikacin is less vulnerable to these enzymes

12/7/2023

Pharmacokinetics
Absorption
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Aminoglycosides

ta};omgamz%m\nw{ahm

Tust Hopicl

-all are given IV (except neomycin) " Sysromic

Distribution

-variable distribution in body fluids

-inadequate distribution in CSF [ s, i teraiag o )
-cross the placenta

12/7/2023

Copyright © 2018 Wolters Kluwer « All Rights Reserved

‘:J Wolters Kluwer

[ Does not
penetrate
the CNS

drug appears

in the urine

Aminoglycosides
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Aminoglycosides

[ Does not

.. s not
Pharmacokinetics penetra

Elimination

-90% are excreted unchanged in
the urine

-accumulation occurs in cases of
renal dysfunction

in the urine

Aminoglycosides
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Aminoglycosides

Adverse effects v

* Ototoxicity (vestibular and auditory)

. 1 Ototoxicit
-might causelirreversibleJdeafness ‘

-Vertigo (especially with streptomycin)

* Nephrotoxicity v
-disrupt Ca**-mediated transport

processes Nephrotoxicity

-from mild reversible renal impairment
tolirreversiblejacute tubular necrosis
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Aminoglycosides

Adverse effects

* Neuromuscular paralysis
. . . . Paralysis
-patient with myasthenia gravis are

at risk
* Allergic reaction

- Mostly contact dermatitis with

topical neomycin _
Skin rash
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Macrolides and Ketolides
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Macrolides and Ketolides

Erythromycin

12/7/2023

\\/N
E~§ ; MACROLIDES/KETOLIDES
/ brand hame
N

Telithromycin

Copyright © 2018 Wolters Kluwer « All Rights Reserved

@ Wver e of /—}sswmlaly o Subums o£ ribogomes
Macrolides and Ketolides

Mechanism of action

- bind firreversiblyl to
|50S/) subunit of
ribosome

a site on the
the bacterial

- Inhibit translocation step

- Interfere with transpeptidation

- Binding site identical/near that of
clindamycin or chloramphenicol

12/7/2023
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Erythromycin
and dJindamycin
hind to the 505
subunit, thus
inhibiting
translocation.

& Erythromycin
and
cindamycin

Translocation

zovor < AZithromycin 7ZITHROMAX
Clarithromycin BIAXIN
RN Erythromycin vsrious
T Q Telithromycin KETEK
Aot

c) Wolters Kluwer
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Macrolides and Ketolides

Antibacterial spectrum

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

-similar spectrum to penicillin G Hau@ ben used as alernanve o fcmc///m G
-used in cases of penicillin allergy
* Clarithromycin

-similar to erythromycin

-effective againstiintracellular pathogens} e.g. Chlamydia, Legionella, H.
Pylori etc...

C& '\Yl\Pea goseric aPtvafy{(um
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Cause preumoria

Macrolides and Ketolides

Antibacterial spectrum

* Azithromycin

-less active against staph and strep species

-more active against RTIl due to H. influenzae or M.catarrhalis
-increasing S. pneumonia resistance

Concentrosion o@ow%ﬂm
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Clinical Spectrum of Macrolides

CORYNEBACTERIUM
DIPHTHERIAE

® Erythromycinor penicilifn is used
to eliminate the carrier state.

Streptococcus pyaganas
Streptococcus

LEGIONNAIRES DISEASE
(LEGIONELLOSIS}

@ Undi and asymp
Iliedbnsarecommon

® Fluor
are preferred therapeutic
options.

uinolones or azitiromycin

Gram \-; ro ds

mmumu
Haemophllus ||'ﬂuer|ne

7
MYCOPLASMA PNEUMONIA

® Callod ‘atypical” pneumonia
causative my
oscapo isolation bystandud
bacteriologic techniques,

CHLAMYDIAL INFECTIONS

® Azithromycin or dexycycline are
preferred therapeutic options.

ggmg gggg
Chiamyd|atrachomatls

® Azithromycinordoxycycline are
Mycoplasma — — —
MYCOBACTERIUM AVIUM COMPLEX

® Azithromycinin combination
with rifampin and ethambutol is
preferrad treatment of MAC
mfections.

® Once-vreekly azithromycin is
used as MAC prophylaxisin
patients with AIDS.

L innacehlular

* 'aaceer‘m

L opporuiase Lisense

¥
W V= el W'@“‘E’Q
RV

L‘SQQSES ’
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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

c) Wolters Kluwer

\
B\ S )
S

3) a decreased affinity of the 50S ribosomal subunit for the antibiotic

4) the presence of plasmid- associated erythromycin esterases in
gram-negative organisms

12/7/2023
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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 quidsIexcept cSFl
* Elimination

-hepatic metabolism A

I Does not
penetrata
the CNS

Metabolites of
erythromycin and
azithromycin

appear in bile

b

Qarithromycin

appears in
the urine

tinhibit CYP450 system\(drug-d rug’Ergﬂqmrde\

interactions)

Azithromycin
' Clarithromydn
Erythromycin

B\
R
=

————
12/7/2023 Copyright © 2018 Wolters Kluwer « All Rights Reserved (:_').V‘-/DELQ'S Kluwer
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Macrolides and Ketolides
Pharmacokinetics Erythro- |Clarithro- | Azithro- |Telithro-
. . . . mycin  |mycin mycin  |mycin
Administration oral o z - y
- oral (enteric-coated tablets for erythro) absorption
- Erythro and azithro are available IV (T:::L:ge 2 3.5 >40 | 10
* Distribution :
o . . Conversnpn
-distribute well in body fluids except CSF toan active | No Yes No Yes
Lo . metabolite
* Elimination
. . Percent
-hepatic metabolism oo s 20 o -
-Inhibit  CYP450 system  (drug-drug

interactions)

12/7/2023
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Macrolides and Ketolides

Atorvastatin

Carbamazepine

Drug-drug Cyclosporine

Simvastatin Serum

interactions Theophylline QJ> concentration

Vaiproate increases

- . Warfarin

* Inhibit hepatIC Pr‘:)tea’seinhibitors
metabolism of a
number of drugs

Clarithromycin
Telithromycin

e (q'lllvn i Erythromycin

Metabolites

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

Macrolides and Ketolides

Adverse effects v

&. Wolters Kluwer

* Gastric distress and motility w Gl distubance

-high doses of erythromycin cause smooth
muscle contraction and bowel movement.
Could this be helpful? Help in dinbesc , becanse diabetic

* Jaundice \’e»lmff ansm’c moﬁl:'%.
* Ototoxicity

Jaundice

* Hepatotoxicity A4 A
-contraindicated in patients with hepatic ,) )s‘& Ototoxicity
dysfunction - ;
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Fidaxomicin
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Fidaxomicin

* Structure: macrocyclic, similar to macrolides

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

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

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

Cross-resistance with other antibiotics is rare. Why?
K« Cross-allergy with macrolides
* Adverse effects: nausea, vomiting, abdominal pain
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Chloramphenicol
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Chloramphenicol

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

* MOA: [reversibly| to the bacterial lS__Q§1
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
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Chieramphenicol inhibits
peptidyl transferase,

© Grloram-
phenicol
Peptiay
Lransferase

c) Wolters Kluwer



Gray baby syndrome: Neonates have a low capacity to glucuronidate the antibiotic, and they have
underdeveloped renal function, which decreases their ability to excrete the drug. This leads to drug
accumulation to concentrations that interfere with the function of mitochondrial ribosomes, causing
poor feeding, depressed breathing, cardiovascular collapse, cyanosis (hence the term "gray baby"),
and death. Adults who have received very high doses of chloramphenicol may also exhibit this toxicity.

©
Chloramphenicol
Adverse effects Gé PD deficency

effects A"ﬂApIastic anemia, hemolytic anemia
bee warrow  in case of G6PD deficiency

* Gray baby syndrome

-accumulation of the drug due to
underdeveloped liver/kidney
functions

-can cause death
* Drug-drug interactions
-inhibits liver enzymes

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

Anemias: Patients may experience dose-related anemia, hemolytic anemia (observed in
patients with glucose-6-phosphate dehydrogenase deficiency), and aplastic anemia. [Note:
Aplastic anemia is independent of dose and may occur after therapy has ceased.]

&

fecaus YMMGL\OY\;(HO\ tihosomes  have BLS ﬁ 204, |iKe PYOKQV&WC cells

?

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?
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Clindamycin
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Clindamycin

* MOA: same as erythromycin

* Effective against gram-positive bacteria:
staph INCLUDING MRSA

e Oral and IV

* Adverse effects: skin rash, diarrhea :

associated with pseudomembranous
colitis caused by overgrowth of C.
diffcile

- Treated with vancomycin  or
metronidazole
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Oxazolidinones
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Didut MSe/ free_lne in RS0, ivs used  sliemadive o Vancommycin
Ox Ifi MKSH Fesists VahC0m5¢OM.

* Developed to treat

Linezolid

resistant gram-

positive organisms, such as MRSA (not

bacteremia. Why?),
mycobacterium and
streptococci

VRE, resistant
penicillin-resistant

* MOA: binds to the bacterial I—Z.igl

ribosomal RNA of t

he 50S sub-unit,

NAr— N\ T —
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
(induding 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

) COCCi

arar

aerobic organisms
Clostridium perfringens

Mycobacterium tuberculosis

c) Wolters 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

* Adverse

effects:

metabolites =2

Gl upset,

thrombocytopenia, serotonin syndrome,
peripheral neuropathy (with prolonged

use)

12/7/2023
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(including vancomycin-resistant strains)

Enterococcus faecium
(indluding 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

Gram (+) bacilli

Corynebacterium spedes
Listeria monocytogenes

o >,
am COCCH
am (- s
®
I ala

Anaerobic organisms
Clostridium perfringens

Mycobacterium tuberculosis
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