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Chemotherapeutic Agents iz

Chemical agents used to treat disease.

Destroy [pathogenic microbes) Oq’fﬁ}ibit their
growth within host. v

Most are antibioti

«  (Microbial products) or their derivatives that kill
susceptible microbes or inhibit their growth.

—_—
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The Development of Chemotherapy

Paul Ehrlich (1904). .l g ) cabin il e sdlehie Tricly= ™ k.fmu:iua f\l:::l\:vis

kil dtyahc

«  /Developed concept of selective toxicity.

«  /Identified dyes that effectively treated African sleeping
sickness._, he dlse Firde ouk e sonedyer _, Kl ‘,SD}S.' [(} (8 g btad iF infed Uawon Caie S\espng Sckes)

Sahachiro Hato (1910).. gunecenpods bt sagilic / Chardh i Reasco o s o )

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

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

. Discovered sulfonamides, or sulfa drugs.
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Penicillin

FirSt diSCOVCred by Emest Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
. distribution without the prior written consent of McGraw-Hill Education.
Duchesne (1896), but discovery

lost. /

Accidentally discovered by
Alexander Fleming (1928).

. Observed penicillin activity on
contaminated plate. /
. Did not think could be developed

fu h A Vot b Mot gl Gl b e o e Frbronk
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/Effectiveness demonstrated by
Florey, Chain, and Heatley
(1939).

Fleming, Florey, and Chain

Y/ received Nobel Prize in 1945 for
discovery and production of
penicillin.
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XL \?" Later Discoveries
&

<Streptomycin, an antibiotic active against
¢uberculosis, was discovered by Selman Waksman
(1944).

Nobel Prize was awarded to Waksman 1n 1952 for this
discovery.

By 1953 chloramphenicol, neomycin,
oxytetracycline, and tetracycline 1solated.




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 elinical 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.
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General Characteristics of Antimicrobial
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Side effects—undesirable effects of drugs on host
cells. G gympoms, nagahe et
Narrow-spectrum drugs—attack only a few different
pathogens.

Broad-spectrum drugs—attack many’(@fferent kind?S
of bacteria.

Cidal agentthe target pathogen.
Static agent—reversibly growth of microbes.




Measuring Effectiveness of Antimicrobial
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Effect of an agent may vary with concentration,
Ywe need b thiakaoook

microbe, host. Dt o 6 b
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Effectiveness expressed in two ways: o Do i b
ek we sherk il is impordont

. Minimal inhibitory concentration (MIC)—lowest ¢ 400
concentration of drug that prevents growth of the ...
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. Minimal lethal concentration (MLC)—lowest " "
concentration of drug that kills the pathogen. bt
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Antimicrobial Drugs—Main Modes of
Action
#)Inhibitors of cell wall synthesis. -/
@ Protein synthesis inhibitors..”
(2) Metabolic antagonists.

2 Nucleic acid synthesis inhibition.
ONA /Ru




\{) Inhibitors of Cell Wall Synthesis:

ve
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Most are b-aminopenicillani®acid derivatives and
differ 1n side chain attached to amino group.

Most crucial feature of molecule 1s the(3-lacta

rmeg. Main e (/lat‘txdieg\% /

«  Essential for'bioactivity) Bioschive Gavpmet-

. Many penicillin resistant organisms produce 3 -
lactamas@enicillinase) which hydrolyzes a bond in

this ring.




Penicillins—Structures

Mode of aCtIOH._:@(&e(“ wilt el

ally P
. - Blocks the enzyme t at

catalyzes transpeptidation
(formation of cross-links in Pedrlelyy
peptidoglycan). S

. Prevents the synthesis of
(complete cell wallg leading to

lysis of cell.

. Acts only on igrowing bacteria J
that are synthesizing new

@ptidoglyca?.)
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Other Actions and Types of Penicillins

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

Naturally occurring pecﬂllns:_@;@ M Sagoisms Con Raduce (4 Pk
.+ “Penicillin V and 2are,,@m@“\“ Redoe. e

Semisynthetic pen1c1111ns have 4 broader spectrum)than

naturally occurring ones. " Noiae) faniilin ok addad foik Now Broups

. 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.

minopenicillins have broader coverage that includes many

sGram-negative bacteria>
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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.

Terminal D-Ala
a. Peptidoglycan subunit c. f-lactam antibiotics block cell wall synthesis

S |
J Cell wall blasvgy

synthesis y transpeptidase
Q% without subunit

antibiotic

Vh {A\y@ L transg'lycosylase
subunit

. r
g Pen Ceph Mono Carba

- 5 Block of transpeptidase activity interrupts
ﬁ ﬁ ﬁ cross-linking & cell wall synthesis

Cell wall p-lactams — bind

synthesis to transpeptidase

blocked by < active site

p-lactam — @@

b. PBP (transpeptidase) antibiotic

PBP 3

enzyme
inhibited

Active site pB-lactam antibiotic
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Cephalosporins
G G Panicilin Renishace Migrdes,
Structurally and functionally similar to penicillins.

( Broad-spectrum antibiotics that can be used by most
patients that are@llergic to penicillin}®

Four categories based on their spectrum of activity.

First-generation cephalosporin

©2020 McGraw-Hill Education
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Copyright © McGraw-Hill Education. All rights reserved. No reproduction or GlYCOp eptide antibiOtiC .

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

Inhibit cell wall synthesis.

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

Previously considered
“drug of last resort” so rise
in resistance to vancomycin
0 1s of great concern.
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CnPJlke forewitn Ribosame Funckon £ ik

Many antibiotics b1nd specifically to the bacterial
ribosome.

Target different steps in protein synthesis.
Aminoacyl-tRNA binding. /
. Peptide bond formation.
. mRNA reading. ./
. Translocation. ./




@Ammoglycomdesieﬁ% Risy

Large group, all with a

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

< distribution without the prior written consent of McGraw-Hill Education.
cyclohexane ring, "
amino sugars. I NHCNH, CHAH,

R 5
Bind to@ribosomal OH

subunit, interfere with o, © (&7 oo
Win—s}m by HB@ NG o
directly inhibiting the - >
process and by causing "o O o

misreading of the .

OH & (;(({ g\‘(‘ NH,
messen CI' A. . Streptomycin C&Q& ‘0‘ % ng Gentamicin Cla

Clon0e

m\c}m

NH,

NH,

©2020 McGraw-Hill Education



(1) Tetracyclines WR(fgs,

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

Tetracycline (chlortetracycline, doxycycline)

OH @) OH @) )

All have a four-ring structure to which a variety of side

chains are attached.
Y (1) lo '/\[ll'M'.
Are broad spectrum,w&ﬁ () lout- i

Target the G0S subunibof the ribosome inhibiting
protein synthesis.
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Copyright © McGraw-Hill Education. All rights reserved. No reproduction or C - 22_ b
distribution without the prior written consent of McGraw-Hill Education. Ontaln L= tO Car On

! lactone rings linked to one
~ Or more sugars.

For example, erythromycin.

Broad spectrum, usually
bacteriostatic.

Binds toibosomal

subunit to inhibit bacterial

~Cprotein clongation .

Used for patients allergic to

_penicillin.
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() Chloramphenicol _, g;‘%

Now i1s chemically synthesized.

Binds the §0S'ribosomal subunit to inhibit
bacterial protein synthesis.

Toxic with numerous side effects so only used in
life-threatening situations. /
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(3 Metabolic Antagonists {ﬁﬁ%&
(n leuotic adb.

Act as antimetabolites.

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.




@Sulfonamldes or Sulfa Drugs
G ook Stibato Conpoudt Used ‘:Xé(ydl'msllg_é;%b
. . . . . a
e e o Structurally related to
@so . sulfanilamide, a para
i aminobenzoic acid

(PABA) analog.
PABA used for the

N @.._ @ __ synthesis of folic acid and
2 " 1s made by many
Sulfanilamide p-aminobenzoic acid pathogens .

Sulfamethoxazole

J . Sulfa drugs are selectively
toxic due to competitive

p A o inhibition of folic acid
J\/I j“'“@ W synthesis enzymes.

E— ~

Folic acid COOH
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@T rimethoprim

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

Synthetic antibiotic that distribution without the prior written consent of McGraw-Hill Education.
also interferes with folic )\Lj C L Loon
acid production. @

Broad spectrum.

Can be combined with

sulfa drugs to increase

efficacy of treatment.

. Combination blocks two

: : : (b) Dihydrofolate reductase
steps 1n folic acid pathway.
N ‘ OCH,
NHE/KN OCHj,
) ) OCH,
(c) Trimethoprim
Access the text alternative for these images 0
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@ Nucleic Acid Synthesis Inhibition
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The most commonly used antibacterial drugs that
inhibit nucleic acid synthesis function by

inhibiting: Yohkelic Keiol hadiBiske,
. nek as ofifed
DNA polymerase and topoisomerases ** o, o
(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,

0




Fluoroquinolones

. effed e pa¥ iy qtﬂdm%@@

Synthetic drugs ik o

| T _ contalmng the 4-, ggw?
Copyright © McGraw-Hill Education. All rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education. 1 _
qllan one rin g.

Va mm Act by inhibiting bacterial
N/ A DNA gyrase and

topoisomerase 1.

Ciprofloxacin

dBroad spectrum,
bactericidal, treat a wide
variety of infections.
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Drug development has been slow because it 1s
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). 3 bney eyt Good. Becaus
. Wiy it adpgps ool onn neal
Drugs currently used inhibit virus-specific eltie o,

enzymes and life cycle processes .




Antiviral Drugs for Influenza

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

Tamiflu.
distribution without the prior written consent of McGraw-Hill Education.
e. Neuraminidase inhibitor

. Anti-influenza agent.
Oseltamivir CH, R
A\ . A neuraminidase
O

|I|||Z

inhibitor.

H
N ° Ve Though not a cure for
influenza, has been
H.C
(0]

shown to shorten

j’ course of illness.
H.C
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Antiviral Drugs for Viruses With DNA
Genomes

ACYClOViI’ and Vidarab ine Copyright © McGraw-Hill Education. All rights reserved. No reproduction or

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

\Aﬂﬂf&) d. Inhibitors of viral DNA polymerase
Used to treat herpes  \ / Acvclou
. . . cyclovir
infections and shingles.

(0]
Ganciclovir. " | N>
. Used to treat §3Ltem49— " J\ X N
cytomegalovirus illness. 2
S e - HO—HC o
Foscarnet. — for faple whe fie Lol i Sem
. Used in cases of acyclovir or ¢ Viral fusion inhibitor
ganciclovir resistance. Foscarnet
. Treats illnesses caused by 0 9
both herpes simplex viruses 3Na" | 70— k!

and cytomegalovirus. o o
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Broad Spectrum Antiviral Drugs

4l o vl 4 s Cidofovir.
d. Inhibitors of viral DNA polymerase e .
i « _Inhibits\viral DNA
Cidofovir
. polymerase.
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Anti-HIV Drugs.

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

Nucleoside reverse o o -
transcriptase inhibitors a. Nucleoside reverse transcriptase inhibitor

Azidothymidine ¢)
(AZT) or zidovudine
(NRTIs). /j
| | A
. Target and interfere with o o
critical steps in viral \__ 7
replicative processes. "

Protease inhibitors (PIS), b. Viral protease inhibitor

Ritonavir

block the activity of the H )@
HIV protease needed for a3 X Lx
A et hihd
the production of all viral PA ; ‘ Y

proteins. ©(
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Nonnucleoside reverse transcriptase inhibitors (NNRTIs).

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

Integrase inhibitors.

. Prevent the 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.

©2020 McGraw-Hill Education



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.

Fusion
inhibitors

Q999999 o

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
HIV DNA

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.

\
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Antifungal Drugs

<" leﬂjl P}‘:c“t‘ve d{ugg_
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. G oo o/

. Combinations of drugs may be used.




Treating Mycoses

Superficial mycoses. W
. For example, Candida._—a&&&%&.
«  ~Topical and oral)
. Disrupt membrane permeability and inhibit sterol synthesis.

. Disrupts mitotic spindle; may inhibit protein and DNA
synthesis. -
Systemic mycoses. nteuied

. Difficult to control and can be fatal.

. Three common drugs.

. Amphotericin B—binds sterols in membranes.
. 5-flucytosine—disrupts RNA function.

. Fluconazole—low side effects, used prophvlacm

=
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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 © OH OH OH OH O
resulting in membrane damage
HooC
o
OH cH
HO' HC
HO
NH, HO o /\/\/\/ OH
o CH,
CH,
Nystatin OH o OH OH OH OH o
Hooc
o
OH cH
HO HC
HO
NH, HO o VAVAYAYAVY oV 4 oH
o CH,
CH,
Miconazole
b. Azoles inhibit sterol synthesis, | N
resulting in altered membrane permeability J c
N
|
H,C—CH —0—CH, a
Ketoconazole
I J al
[ ]
N el cl
|
CH.
\ cl
C
AN
o o 5
| | /N
CH,; CH—CH, N N= C=— CH.
<. Drug that inhibits nucleic acid synthesis, Griseofulvin o
protein synthesis, or cell division Il OCH
C.
o
CH.O o
c Chly
d. Drug that disrupts RNA function S.flucytosine
NH,
N | F
A
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Types of Drug Resistance

Intrinsic._,
. Mycoplasma resistance td-3- tibiotics and other cell wall
inhibitors simply becausé these bacteria lack a cell walk
——

Acquired—occurs when there 1s a change in the genome of a
bacterium that converts it from one that i1s sensitive to an

antibiotic to one that is.{ @k""cy\fy

Drug-tolerant bacteria (persistergs lack the mechanisms for
antibiotic resistance and “ignore” the presence of antibiotics,

usually because they are embedded in biofilms that antibiotics

cannot effectively penetrate or are growing too slowly to be

©2020 McGraw-Hill Education
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Mechanisms of Drug Resistance

Modify the target of the
antibiotic.

Drug inactivation.

Minimize the concentration of @

antibiotic in 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.
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wAnt|b|ot|c resistance
LR genes
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Antibiotic-altering
js enzyme

\ Altered antibiotic target

Antibiotic
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Detecting Drug Resistance

Commercial gene expression systems are designed to 1dentify
the production of specific resistance factors, such as a target-
modifying enzyme.

Several test systems measure the color chang®induced when a
chromophore is acted upon by either a B-lactamase or an
_antibiotic-modifying enzyme.~"

. olor changes are measured spectrophotometrically and protein
concentration is extrapolated from a standardized curve.

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

©2020 McGraw-Hill Education



Overcoming Drug Resistance

Give drug 1n 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.




