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Chemotherapeutic Agents

Chemical agents used to treat disease.

Destroy pathogenic microbes or inhibit their
growth within host.

Most are antibiotics.

* Microbial products or their derivatives that kill
susceptible microbes or inhibit their growth.
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The Development of Chemotherapy

Paul Ehrlich (1904).

* Developed concept of selective toxicity.

* l|dentified dyes that effectively treated African sleeping
sickness.

Sahachiro Hato (1910).

* Working with Ehrlich, identified arsenic compounds that
effectively treated syphilis.

Gerhard Domagk, and Jacques and Therese Trefouel
(1935).

e Discovered sulfonamides, or sulfa drugs.

©2020 McGraw-Hill Education
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Penicillin

FIrSt d ISCOVE I‘Ed by E rnest Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
. distributi ithout the pri itt t of McGraw-Hill Education.

DUChesne (1896), but dlscovery istribution without the prior written consent of McGraw-Hi ucation

lost.

Accidentally discovered by
Alexander Fleming (1928).

* Observed penicillin activity on
contaminated plate.

e Did not think could be developed
further.
Effectiveness demonstrated by
Florey, Chain, and Heatley (1939).

Fleming, Florey, and Chain
received Nobel Prize in 1945 for
discove ryan d P roduction of ©Christine L. Case, Skyline College
penicillin.
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Later Discoveries

Streptomycin, an antibiotic active against

tuberculosis, was discovered by Selman Waksman
(1944).

e Nobel Prize was awarded to Waksman in 1952 for this
discovery.

By 1953 chloramphenicol, neomycin,
oxytetracycline, and tetracycline isolated.
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General Characteristics of Antimicrobial
Drugs.

Selective toxicity.

* Ability of drug to kill or inhibit pathogen while damaging host
as little as possible.

Therapeutic dose.

* Drug level required for clinical treatment.

Toxic dose.

* Drug level at which drug becomes too toxic for patient (i.e.,
produces side effects).

Therapeutic index.

* Ratio of toxic dose to therapeutic dose.

©2020 McGraw-Hill Education
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General Characteristics of Antimicrobial
Drugs.

Side effects—undesirable effects of drugs on host
cells.

Narrow-spectrum drugs—attack only a few different
pathogens.

Broad-spectrum drugs—attack many different kinds
of bacteria.

Cidal agent—killsthe target pathogen.

Static agent—reversibly inhibits growth of microbes.
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Measuring Effectiveness of Antimicrobial
Drugs
Effect of an agent may vary with concentration,

microbe, host.

Effectiveness expressed in two ways:

 Minimal inhibitory concentration (MIC)—Ilowest
concentration of drug that prevents growth of the
pathogen.

 Minimal lethal concentration (MLC)—lowest
concentration of drug that kills the pathogen.
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Antimicrobial Drugs—Main Modes of
Action

Inhibitors of cell wall synthesis.
Protein synthesis inhibitors.

Metabolicantagonists.

Nucleic acid synthesis inhibition.
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Inhibitors of Cell Wall Synthesis:
Penicillins

Most are 6-aminopenicillanic acid derivatives and
differ in side chain attached to amino group.

Most crucial feature of molecule is the B-lactam
ring.

e Essential for bioactivity.

* Many penicillin resistant organisms produce B -
lactamase (penicillinase) which hydrolyzes a bond in
this ring.
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Penicillins—Structures

Copyright ©® McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Mode of action. e

e [ 1 NcH
Penicillin G S C—N CH — COOH
7
. B I O C ks tI I e e l I Z I I I e t I I at High activity against most Gram-positive 8} t
bacteria, low against Gram negative; Penicillinases attack here
destroyed by acid and penicillinase on the p-lactam ring.

catalyzes transpeptidation ans

(formation of cross-linksin
peptidoglycan).

produce f-lactamase enzymes

* Preventsthe synthesis of
Complete Ce” Wa”S Ieading to AmDZ;;;&?"Zl’,i‘ei‘iﬁ‘;ﬂifZZZilfme
lysis of cell.

Carbenicillin
Active against Gram-negative bacteria

such as Pseudomonas and Proteus;
acid stable; not well absorbed by

* Acts only on growing bacteria
that are synthesizing new
peptidoglycan.

and Klebsiella spp.

Piperacillin

(o}

Access thetextalternative for theseimages 12
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Other Actions and Types of Penicillins

Binds to periplasmic proteins (penicillin-binding proteins,
PBPs)

Naturally occurring penicillins:
* Penicillin Vand G are narrow spectrum.

Semisynthetic penicillins have a broader spectrum than
naturally occurring ones.

* Bulkier side chains make them more difficult for B-lactamase
enzymes to degrade.

Resistance to penicillins, including the semisynthetic analogs,
continues to be a problem.

Aminopenicillins have broader coverage that includes many
Gram-negative bacteria.

13
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B-lactam Antibiotics Block
Transpeptidation

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

a. Peptidoglycan subunit c. f-lactam antibiotics block cell wall synthesis
e
Cell wall
synthesis J
without
antibiotic
A\

s Pen Ceph Mono Carba

Terminal D-Ala

PBP ==

transpeptidase
subunit

transglycosylase
subunit

Block of transpeptidase activity interrupts

? —
ﬁ ﬁ cross-linking & cell wall synthesis
Cell wall p-lactams — bind
synthesis to transpeptidase
blocked by < active site
B-lactam
" tibiotic ()
b. PBP (transpeptidase) an
PBP .
~
enzyme
inhibited
Active site B-lactam antibiotic

©2020 McGraw-Hill Education

14



https://students-hub.com

Cephalosporins

Structurally and functionally similar to penicillins.

Broad-spectrum antibiotics that can be used by most
patients that are allergic to penicillin.

Four categories based on thelr spectrum of activity.

©2020 McGraw-Hill Education
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Vancomycin

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

N-acyl-p-Ala-pD-Ala O

©2020 McGraw-Hill Education

Glycopeptide antibiotic.
Inhibit cell wall synthesis.

Vancomycin—important
for treatment of antibiotic-
resistant staphylococcal
and enterococcal
infections.

Previously considered
“drug of lastresort” so rise
In resistance to vancomycin
is of great concern.

16
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Methicillin-resistant Staphylococcus
aureus (MRSA)

Photo Credit: Gregory Moran,
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Protein Synthesis Inhibitors

Many antibiotics bind specifically to the bacterial
ribosome.

Target different steps in protein synthesis.
 Aminoacyl-tRNA binding.

* Peptide bond formation.

* mRNA reading.

* Translocation.
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Aminoglycosides

Large group, all with a

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or

H distribution without the prior written consent of McGraw-Hill Education.
cyclohexane ring, .
amino sugars. i NHCNH, CHAH,

NN 5
Bind to 30S ribosomal OH

subunit, interfere with - Cyc,;\exane e
protein synthesis by " CHO>‘ NHCH,

CH;, o) 0

directly inhibiting the "o | "

process and by causing "L L, <O:H >
. . CH3N - INO sugar

misreading of the .
OH NH,

m eS S e n ge r R N A . Streptomycin Gentamicin C1a

R 19
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Tetracyclines

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Tetracycline (chlortetracycline, doxycycline)

OH O OH @) @)

Y HC OH OH N(CH,),

All have a four-ring structure to which a variety of side
chains are attached.

Are broad spectrum, bacteriostatic.

Target the 30S subunit of the ribosome inhibiting
protein synthesis.

o 20
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Macrolides

Copran o eerow il Ecsion A ate et Nopmeaneiner— Contain 12- to 22-carbon
lactone rings linked to one
or more sugars.

For example, erythromycin.

* Broad spectrum, usually
bacteriostatic.

e Binds to 50S ribosomal
subunit to inhibit bacterial
protein elongation .

Used for patients allergic to
penicillin.

21
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Chloramphenicol

Now is chemically synthesized.

Binds the 50S ribosomal subunit to inhibit
bacterial protein synthesis.

Toxic with numerous side effects so only used in
life-threatening situations.
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Metabolic Antagonists

Act as antimetabolites.

e Antagonize or block functioning of metabolic
pathways by competitively inhibiting the use of
metabolites by key enzymes.

Are structural analogs.

 Molecules that are structurally similar to, and
compete with, naturally occurring metabolic
intermediates to block normal cellular metabolism.

23
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Sulfonamides or Sulfa Drugs

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Na g

Sulfamethoxazole

0
Il

H,N S —NH, c OH
Il
o

Sulfanilamide p-aminobenzoic acid

COOH
N CH—N@ ?H
J\ CH,
HN é
[

Folic acid COOH

Structurally related to
sulfanilamide, a para
aminobenzoic acid (PABA)
analog.

PABA used for the
synthesis of folic acid and
is made by many
pathogens.

e Sulfa drugs are selectively
toxic due to competitive
inhibition of folic acid
synthesis enzymes.

©2020 McGraw-Hill Education
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Trimethoprim

Copyright © McGraw-HiII Education. AII rights reserved, No reproduction or

Synthetic antibiotic that

also interferes with folic ifj O r  doon
acid production.

Broad spectrum.

Can be combined with
sulfa drugs to increase
efficacy of treatment.

* Combination blocks two
Ste pS in fOIiC aCid pathway' (b) Dihydrofolate reductase NH,

(c) Trimethoprim

©2020 McGraw-Hill Education
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Nucleic Acid Synthesis Inhibition

The most commonly used antibacterial drugs that
inhibit nucleic acid synthesis function by
inhibiting:

* DNA polymerase and topoisomerases
(fluoroquinolones).

* RNA polymerase (rifamycins).

Drugs not as selectively toxic as other antibiotics
because bacteria and eukaryotes do not differ
greatly in the way they synthesize nucleic acids.
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Fluoroquinolones

Synthetic drugs
| o ~containing the 4-
Cop_yrlght © Mchaw-Hlll Equcatlgn. All rights reserved. No .reproducyon or . .
distribution without the prior written consent of McGraw-Hill Education. q u I n O | O n e rl n g .

ﬂm Act by inhibiting
SN N bacterial DNA gyrase and
A topoisomerase |I.

Ciprofloxacin

Broad spectrum,
bactericidal, treat a wide
variety of infections.

27
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Antiviral Drugs

Drug development has been slow because it is
difficult to specifically target viral replication.

Antiviral drugs have had mixed success and the
vast majority of viral infections cannot be cured.

Some antiviral drugs simply limit the duration of
the illness (For example, flu) or its severity (For
example, herpes, HIV).

Drugs currently used inhibit virus-specific
enzymes and life cycle processes .
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Antiviral Drugs for Influenza

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or Ta I I I Ifl u .
distribution without the prior written consent of McGraw-Hill Education.

e. Neuraminidase inhibitor * Anti-influenza agent.

Oseltamivir CH,

J\ e A neuraminidase
inhibitor.

H
e 7 N, e Though not a cure for
influenza, has been
e shown to shorten
g e course of illness.
HzC/l

0

il 2

o 29
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7 NAI
prevent
virion
release

\ 2 Virion is
endocytosed .
® / 6 Virions

bud

1 Influenza

attaches to

respiratory cell 4 Influenza
pro(tjelns —
made
g '\Ilr;\ﬂuenza \0 & N
virion
replicates

assembled

Hemagglutinin{HA) I
Neuraminidase (NA)

HA receptor 1
NA inhibitor (NAI)

Life cycle of an influenza virus. Abbreviations: NAI, neuraminidase inhibitor; RNA, ribonucleic acid.

©2020 McGraw-Hill Education


https://students-hub.com

Antiviral Drugs for Viruses With DNA
Genomes

Acyclovirand vidarabine oL e v, 1 e e pocton
d. Inhibitors of viral DNA polymerase
 Usedto treat herpes

. . . Acyclovir
infections and shingles. 5
Ganciclovir. o N
* Used to treat systemic /K | N>
. . HN
cytomegalovirus illness. 2 §
HO——H.C O\
|
Foscarnet. NP "
* Used in cases of acycloviror  c. viral fusion inhibitor
ganciclovir resistance. Foscarnet
* Treats illnesses caused by -
both herpes simplex viruses 3Na’ BEEEE
and cytomegalovirus. | o O]

31
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Herpes infection Shingles

32
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Broad Spectrum Antiviral Drugs

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or C 1 d f 1
distribution without the prior written consent of McGraw-Hill Education. I O OVI r.

d. Inhibitors of viral DNA polymerase . .
* [nhibits viral DNA

polymerase.

Cidofovir

33
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Anti-HIV Drugs.

L]
N u C I e O S I d e rev e rS e Copyright © McGraw-Hill Education. All rights reserved. No reproduction or

distribution without the prior written consent of McGraw-Hill Education.

t ra n SC ri pta S e i n h i b ito rs a. Nucleoside reverse transcriptase inhibitor

Azidothymidine O

( N RTI S) . (AZT) or zidovudine jl\)jf o

* Target and interfere with o o |
critical stepsin viral < ;

replicative processes. )

Protease inhibitors (PIS). b. Viral protease inhibitor o

* blockthe activity of the D
HIV protease needed for A r i

the production of all viral Pﬁ 2 0 il @

proteins. T\ ©/

©2020 McGraw-Hill Education
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Anti-HIV Drugs.

Nonnucleoside reverse transcriptase inhibitors (NNRTIs).

* Prevent HIV DNA synthesis by selectively binding to and
inhibiting the viral reverse transcriptase enzyme.

Integrase inhibitors.

* Preventthe incorporation of the HIV genome into the host’s
chromosomes.

Fusion inhibitors.

* Prevent HIV entry into cells.

Most successful are drug cocktails to curtail resistance.

35
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Identifying Targets for Anti-HIV Drugs

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Infection begins with HIV fusion.
Fusion inhibitors block this step.

Once inside a host cell, HIV
uncoats and its reverse
transcriptase (RT) makes DNA
from the viral RNA genome.
RT inhibitors block this step.

Incomplete
Reverse HIV DNA
transcriptase /3

HIV integrase

Viral DNA is transcribed and
translated into polyproteins that
are cut to release viral proteins.
Protease inhibitors block this step.

Viral DNA is added to the host DNA
by the action of a viral integrase.
Integrase inhibitors block this step.

36
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Antifungal Drugs

Fewer effective agents because of similarity of
eukaryotic fungal cells and human cells.

 Many have low therapeutic index and are toxic.

Easier to treat superficial mycoses than systemic
infections.

 Combinations of drugs may be used.
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Treating Mycoses

Superficial mycoses.
* Forexample, Candida.
* Topical and oral.
* Disrupt membrane permeability and inhibit sterol synthesis.

* Disrupts mitotic spindle; may inhibit protein and DNA
synthesis.

Systemic mycoses.
e Difficult to control and can be fatal.

* Three common drugs.
* Amphotericin B—binds sterols in membranes.
e 5-flucytosine—disrupts RNA function.
* Fluconazole—low side effects, used prophylactically.

38
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Common Antifungal Drugs

Copyright © McGraw-Hill Education. Al rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

a. Polyenes bind to sterols, Amphotericin B OH O OH OH OH OH O
resulting in membrane damage
HOOC
o
OH CH.
HO' HC
HO
NH, HO o /\/\//\/\//\/\/ OH
0 CH.
CH.
Nystatin OH O OH OH OH OH o
HOOC
o
OH CH
HO' HC
HO
NH, HO o /\/\//\/\N OH
0 CH
CH
Miconazole
b. Azoles inhibit sterol synthesis, | N
resulting in altered membrane permeability J Cl
¥
HC—CH=—0—CH cl
Ketoconazole
| i‘ c
) cl cl
N
|
CH
\ cl
c
7N
o /\ &
Il
CH CH=—CH,— 0 N N—C—CH
c. Drug that inhibits nucleic acid synthesis, Griseofulvin o]
protein synthesis, or cell division OCH, ” OCH
C,
o
CH,0 o
al CH
d. Drug that disrupts RNA function 5-flucytosine
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Types of Drug Resistance

Intrinsic.

 Mycoplasmaresistance to B-lactam antibiotics and other cell wall
inhibitors simply because these bacteria lack a cell wall.

Acquired—occurswhen there is a change in the genome of a
bacterium that converts it from one that is sensitive to an
antibioticto one thatis resistant.

Drug-tolerant bacteria (persisters) lack the mechanisms for
antibiotic resistanceand “ignore” the presence of antibiotics,
usually because they are embedded in biofilms that
antibiotics cannot effectively penetrate or are growing too
slowly to be inhibited.

40
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Mechanisms of Drug Resistance

Modify the target of the
antibiotic.

Drug inactivation.

Minimize the concentration
of antibioticin the cell.

Bypass the biochemical
reaction inhibited by the
agent or increase the
production of the target
metabolite.

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

Qo O

Efflux pump

Antibiotic-degrading
enzyme

Antibiotic

Plasmid

4
.,
@

CQ

Antlblotlc resistance
£ genes

Antibiotic-altering
enzyme

< “Altered antibiotic target

Antibiotic
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Detecting Drug Resistance

Commercial gene expression systems are designed to identify
the production of specific resistancefactors, such as a target-
modifying enzyme.

Several test systems measure the color change induced when
a chromophore is acted upon by either a B-lactamaseor an
antibiotic-modifyingenzyme.

* Color changes are measured spectrophotometrically and protein
concentrationis extrapolated from a standardized curve.

Detection systems are also commercially available to identify
genes encoding drug resistance factors using polymerase
chain reactions (PCRs).

42
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Overcoming Drug Resistance

Give drug in appropriate concentrations to destroy
susceptible microbes and most spontaneous
mutants.

Give two or more drugs at same time.
Use drugs only when necessary.
Possible future solutions.

* Continued development of new drugs.

* Use of bacteriophages to treat bacterial disease.
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