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\gents

% Chemotherapeutic Agents are the chemical substances used to directly or
indirectly inhibit the proliferation of rapidly growing cells, typically in
the context of malignancy.

% A synthetic antimicrobial agent that kills or suppresses the growth of

microorganisms but causes little or no damage to the host.

Basic Structure of sulfonamide
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pharmacological properies.
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antibacterial activity. Sulfamethoxazole R = \N,O

Sulfonamides Classes

®

« sulfonamide categorized into several types, based mainly
on their indications and duration of action in the bodly.

« Probably the most common classification based on water
solubility versus lipid solubility or duration of effect.

« In most species, sulph. administered 1-4 times/day,
depending on the drug, to control systemic infections
caused by susceptible bacteria.

+ sulfonamide administration can be less frequent if
eliminated slowly .

sulfathiazole, sulfamethazine (sulfadimidine),
sulfamerazine, sulfadiazine, sulfapyridine,
sulfabromomethazine, sulfaethoxypyridazine,
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TABLE 45.5. Some examples of sulfonamides showing their substituents in R’ position

Sulfonamides (common name) ~ R’position
Sulfanilamide —H (Hydrogan)
H
Sulfapyridine e [Pyricing)
oo
N
) 5 CH
Sulfathiazole g J.l".- IJ:H (Trizzoie)
gy
TR
Sulfludiazine _]!\ 5 {Pyrimidireg)
P
-
Sulfamerazine ‘l*‘/ cH, [4-Mathylpyrimiding)
3
Sulfumethazing ﬂ\ k- [4.E-Dimathylpyrimicing)
- CH.
N/ 3
/NH?
- [Geanidyl)
Sullaguanidine
\NHE

SULFONAMIDES

_ Mechanism of action:

* Theyare chemical analogues of p-aminobenzoicacid (PABA) — they
mmﬁetitivel inhibit bacterial enzyme, whichis responsible for the

synt

important factor of microbial life.

esisof folic acid — inhibit bacterial folicacid, which is the most

In environmentscontaining largeamounts of PABA, such as pus or
tissue breakdown products, antimicrobial action of sulfonamidesis
significantlyweakened.

Mechanism of action

Bacteria synthesize their own folic acid
[FA) of which p-amincbenzoic acid (PABA)
is a constituent, and is taken up from the
medium.

Sulfonamides, are structural analogues of
PABA, inhibit bacterial folate synthase
and formation of folate get inhibited,

Sulfonamides competitively inhibit the
PABA with pteridine residue to form
dihydropterolc  acid which conjugates
with  glutamic acdd to  produce
ditwydrofelic acid.

Sulfonamide altered folate an which is
metabolically injurious

Pteridine +
p-Aminobenzoic acid ([PABA}M

Glutamic acid

M hten 4,4—@

[ Dihydropteroic acid J
Glutamate
[ Dihydrofolic acid ]
Ditryadrrdalats
LLY

[ tetrahydrofolicacid |
L]
[ DNA ]
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Chemical substances produced by va
microorganisms that have the capacity to inhibit or
destroy other microorganisms.

They either kill bacteria(bactericidal) or keep more
bacteria from growing(bacteriostatic).

Classification of Antibiotics/antimicrobials

* Based on chemical structure

* Based on target organisms

Parnsijl‘ﬂﬁ Vir‘usgs F;
g

4. 9 Pl net

ﬁaf

 Antiviral ” i
& srtarsl
- Antibacterial
h * & 4
- Antifungal ] L
- Antipoarasitic

* Based on anti mii:ri::ll:rian::ti't.rit'lpI
- Bactericidal
- Boctenostatic
* Spectrum of activity
= Narrow
- Broad

MNote: sulfonamides are both antiparasitic and antibacterial
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Based on Chemical Structure

==

CLASSIFICATION OF ANTIBIOTICS

I Based on chemical structure
Sulfonamides and related drugs :
Sulfa diazine and others, sulfones Dapsone (DDS),
Paraamino salicylic acid (PAS).
Diaminopyrimidines:
Trimethoprim, pyrimethamine.
B lactam antibiotics:
Penicillins, cephalosporins, monobactams,
carbapenems.
Tetra cyclines :
Oxytetracycline, doxycline etc
Nitro benzene derivative:
chloramphenical

Table 25.1 Classification of Antibacterial Drugs Based on Cidal and Static Actions,

Bactericidal Bacteriostatic
penicillins tetracyclines
cephalosporins chicramphenicol
aminoglycosides macrobdes
tnmethoprimssulfa combination hincasamides
taciiracan, nitrafurans sulla drugs
metranidazole trimethoprim
polymyxins erylhromycin
novobyocin

Hueroquinalones
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Based on Spectrum of activity

= Broad-spectrum antibiotics active against
several types of microorganisms, e.g.,
tetracyclines are active against many gram -
negative rods, chlamydiae, mycoplasmas,
and rickettsiae.

m Narrow-spectrum antibiotics active against
one or very few types, e.g., vancomycin is
primarily used against certain gram -positive
cocci namely , staphylococci & enterococci

Based on the Mode of Action

Cell Wall Synthesis Nucleic Acid Synthesis

Folate synthesis
Sulfonamides
Trimethoprim

DNA Gyrase
Quinolones

Beta Lactams

Penicillins

Cephalosporins

Carbapenems '~ RNA Polymerase
Monobactams - Rifampin

Vancomycin
Bacitracin

50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol

Cell Membrane 30S subunit Streptogramins

Polymyxins Tetracyclines
Aminoglycosides Protein Svnthesis |
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MECHANISMS OF ANTIBIOTIC ACTION

Inhibition of cell

Inhibitionof wall synthesis Disruption of cell
Inhibition of nucleic acid synthesis membrane function Black pathways and
protein synthesis inhibit metabolism
@ Cell wall el . \
s £l
e DNA \ membrane )

Ribosome \ Folicacid

Penicillins (beta-lactam antibiotics) are characterized
by the presence of a beta-lactam ring.

The beta-lactam ring
is the part of the
CH molecule responsible
o for penicillin’s anti-
bacterial properties.
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Mechanism of action

= Interfere with synthesis of bacterial cell wall.

* Cell wall composed of peptidoglycan, glycon consist of two
amino sugars;

= 1)N-acetylmuramic acid (NAcM ).

= z2}N-acerylglucosamine(NAcG).

* Peptidoglycan residues are linked together forming long strands
&UDP is split off.

* Final step is cleavage of terminal D-alanine of the peptide by
transpeptidase, process known as transpeptidation.

* This cross bridging provide neccessry strength to bacterial cell
wall

* B-lactam ABs inhibit the transpeptidase so that cross-linking
does not take place.

* This will cause cell wall deficient forms of bacteria are produced

"~ 'Mechanism of Action

- = Interferes with bacterial cell wall synthesis

.

| PEPTIDOGLYCAN LAYER |

AMINO ACID CHAINS

N- ACETYL GLUCOSAMINE N- ACETYL MURAMIC ACID

(NAG) (NAM)
p-lactams
Peptidogiycan Lipopolysaccharide
layrer layer
I ——__/

- \ ’ e,
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i MECHANISM OF ACTION

#“+ Penicillins are bactericidal antibiotics as they kill the microorganisms
when used at therapeutic dose.

%+ The synthesis of cell wall of bacteria is completely depended upon an
enzyme named as transpeptidase.

“*Primarily, Penicillin inhibits the cell wall of bacteria by blocking transpeptidase
after binding to penicillin-binding protein (PBP) and prevents its synthesis.

Result: bacteria cells die from cell lysis. WOt e A

4+ Penicillins do not kill other cells in the
body.

peaiion of cell
I symtrmsis

Peniciliin-bincng profen

o 10. MECHANISM OF ACTION OF PENICILLINS )

I.Penicﬂlin-hinding pruteins:

Penicilling inactivate numerous pm—teins on the bacterial cell membrane. These

penicillin-binding proteins (PBPs) are bacterial enzymes involved in the ‘:i}-"l‘ltl‘]l'_“.-iih of

the cell wall and in the maintenance of the mm‘l::-h(:-h)gi:: features of the bacterium,
2.Inhibition of transpeptidase:

Penicillins inhibit this transpeptidase-catalyzed reaction, thus hindering the formation
of cross-links essential for cell wall integl‘it}', As a result of this blockade of cell wall

synthesis.
3.Production of au‘tolysins:

Many bacteria, particu larly the gram-positive cocci, prc)d uce d L&gradat ive enzymes
o - -

{autolvsins) that participate in the normal remodeling of the bacterial cell wall,

ruptyre I \
I]nr_tenum l {'
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Benzylpenicillin (Penicillin G) Most active
P AH3z
@cuz co- NH’ \":'-LHS

p-LacI:am Thiazolidine
ring

Narrow spectrum
Antibiotics

row-spectrum antibiotics are active

against a selected group of ba t&r al types.

o

/

Antibacterial Spectrum

"« Narrow spectrum
- Gram positive bacteria
- Cocci- Streptococci, Pneumococci

- Bacilli- B. anthracis, C. diphtheriae,
Clostridia and Listeria species

- Limited gram negative bacteria
+ Cocci- Gonocci, Meningococci

- Actinomyces

- Spirochetes
+ Treponema
* Leptospira
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Streptomycin

¢ Streptomycin is characterised chemically as an aminoglycoside antibiotic.

Mechanism of Action of Streptomycin

Streptomycin is a protein synthesis inhibitor. It binds to the small 168
rRNA of the 30S subunit of the bacterial ribosome, interfering with the
binding of formyl-methionyl-tRNA to the 30S subunit.

# -Protein Syn . Is hampered
*Interferes with chain initiation
*Induce misreading of mRNA
* Incorporation of incorrect Amino Acid into peptide
v
Formation of Nonfunctional /toxic protein
*Cause break up of polysomes into monosomes
IRREVERSIBLE &LETHAL FOR CELL

This results in an unstable ribosomal-mRNA complex, leading to
a frameshift mutation and defective protein synthesis; leading to
cell death.

[T T}e—Amino acids
Aminoacyl
tRNA o Distorted
recognition site
mRNA e v
tomycin
Hecognition bound to 305
site of streplomycin subunit
Normal protein synthesis Inhibited protein synthesls

by streptomyein
FIG. 45.10. Schamatic representation of protain synthasls inhibition by streptomycin.
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EB e AT AMEO arcid

; g . Blocks initiation
5 (% 3 of protein synthesis
B “ O Blocks further
5" a‘; 3' translation and elicits

premature termination

Direction of
_—L @

mRNA translation C

, Incorporation of

aminoglycoside = @ incorrect amino acid

Effects of aminoglycosides on protein synthesis.

A. Aminoglycoside (represented by red circles) binds to the 30S ribosomal
subunit and interferes with initiation of protein synthesis by fixing the
30S-50S ribosomal complex at the start codon (AUG) of mRNA. As 30S-
50S complexes downstream complete translation of mRNA and detach,
the abnormal initiation complexes, so-called streptomycin monosomes,
accumulate, blocking further translation of the message. Aminoglycoside
binding to the 30S subunit also causes misreading of mRNA, leading
to B, premature termination of translation with detachment of the
ribosomal complex and incompletely synthesized protein

C. incorporation of incorrect amino acids (indicated by the red X), resulting
in the production of abnormal or non- functional proteins.
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¢ Streptomycin is bactericidal and broad spectrum antibiotic.
% It is active against both gram-positive and gram-negative bacteria.

¢ Streptomycin is inhibitory for several species of Mycobacterium and is an
effective antibiotic for treatment of tuberculosis caused by M.
tuberculosis.

% Streptomycin is toxic to humans and other animals and causes side effects
such as allergic responses, loss of hearing, nausea and kidney damage.
Highly purified streptomycin is nontoxic when given in small doses, but
it appears to have a cumulative detrimental effect on nervous system
when given as a medication over long periods of time.

Mechanism of action

* Inhibitors of bacterial protein synthesis

P ue = A site
aa
&
mm 2 i m"
chain i
l..‘ —— Transferase)

site
Tetracyciine

mRNA
template

% Messenger RNA (mRNA) attaches to the 30S subunit of bacterial
ribosomal RNA.
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% The P (peptidyl) site of the 50S ribosomal RNA subunit contains the
nascent polypeptide chain; normally the aminoacyl t-RNA charged with
the next amino acid to be added to the chain moves into the A (acceptor)

site, with complementary base pairing between the anticodon sequence of
t-RNA and the codon sequence of mRNA.

¢ Tetracycline inhibits bacterial protein synthesis (translation) by binding to
the 30S subunit and blocking t-RNA binding to the A site.

¢+ Terminates translation process

Tetracyclines inhibit
the binding of
aminog tRMNA to

FIG. 45.15. Schematic representation of mechanism c¢f action of tetracycline
anfibiotics.

¢ Tetracyclines are broad-spectrum bacteriostatic antibiotics active against
gram- negative and gram-positive bacteria, rickettsias, chlamydias, and
mycoplasmas.

L)

* Due to their close similarity in chemical nature, cross resistance of

L)

pathogens to them is common, i.e., a pathogen developing resistance to
any one of them may show resistance to rest of them.

L)

L)

» Tetracycline, in general, shows low toxicity, quick absorbability, and
quick excretability. Therefore these are very suitable antibiotics, but with
a serious drawback which is that they destroy the natural intestinal flora
and, as a result, an undesirable development of resistant staphylococci
and yeasts (e.g., Candida) may gain upper-hand.
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% High doses of tetracycline may cause side effects such as nausea,
diarrhoea, yellowing of teeth in children, and damage to the liver and
kidneys.
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Chloramphenicolinhibits
peptidyltransferase. High
levels may also inhibit mito-
chondrial protein synthesis.

Mechanism of Action

-It readily penetrates bacterial cells, by
facilitated diffusion.

-It acts primarily by binding reversibly to the 503
ribosomal subunit. The drug prevent the
interaction between peptidyltransferase and

_ I 505
€ <
i
111 I'flly’s

& &y

its amino acid substrate, and peptide bond ocmﬁm}

formation is inhibited . PrEn®
Peptidyl
transferase

Because of the similarity of mammalian
mitochondrial ribosomes to those of
bacteria,protein synthesis in these organelles
may be inhibited at high circulating
chloramphenicol levels, producing bone
marrow toxicity.

mRNA

Chloramphenicol
= Bacteriostatic, broad-spectrum antibiotic.
« Active against both aerobic and anaerobic gram-positive and
gram-negative organisms.
» Active also against rickettsiae.

* Haemophilus influenzae, N. meningitidis, and some strains of
Bacteroides are highly susceptible, and for them
chloramphenicol may be bactericidal.

* Excretion
— changed and unchanged drug excreted by urine.
— A small amount of active drug is excreted into bile or
feces.

* Inactivated in the liver by glucuronosyltransferase and is
rapidly excreted (80-90% of dose) in the urine.
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* Non fluorinated quinolone

How does our antibiotic,
nalidixic acid, work?
Inhibits DNA replication

nalidixic acid,
DNA polymerase, binds DNA gyrase

s LT ;
S L T e polymerizes DNA E
Leading strand o 8 _ra: I_.’" Vi
SLLF T o ;

uuuuuuu

e AN DNA gyrase,
ALYy Assists in unwinding
¥ double stranded DNA

12

¢ Inhibit the replication of bacteria by interfering with the action of DNA
gyrase during bacterial growth and development

% Inhibition of DNA gyrase prevents the relaxation of positively
supercoiled DNA that is required for normal transcription and replication.

% The gyrase is composed of two A subunits and two B subunits. The A

subunits can cut one of the double strands of the DNA which is ATP
dependent reaction. The energy is provided by B units.

+* Nalidixic acid is an inhibitor of A subunits. Therefore the action of gyrase

is inhibited and DNA replication or transcription is blocked as a result of
the death of bacteria.
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%+ Nalidixic acid is bactericidal and is effective when administered orally.

% It is a broad spectrum antibiotic and active against both Gram-negative
and some Gram-positive bacteria.

% It is more active against Gram-negative species, especially coliforms----
E.coli, Proteus, Kleibseilla, Enterobacter, Shigella

Metronidazole

“* Metronidazole is a nitro imidazole class of therapeutic drugs used mainly

in the treatment of infections caused by susceptible organisms,
particularly anaerobic bacteria and protozoa.

METRONIDAZOLE R - o
MECHANISM OF ACTION I ~

Fig. 8. Svructure of metronidarsole

METRONIDAZOLE

dilrusesl

Aerobicand anaerobic bacteria

Reduced to!—nitm position

Produces number of short lived cytotoxic intermediates

|

Cytotoxic products react with DNA and other macromolecules

!

Cell death



© Kakali Roy ,Vivekananda College , Thakurpukur

Bla,
Mechanism of action of Metronidazole C“en“(“
S

P}

< Metronidazole is a prodrug. It requires reductive activation
of nitro group by susceptible organism. Its selective toxicity
towards anaerobic and microaerophilic pathogens such as
E. histolytica, G. lamblia, etc.

+* These organisms contain electron transport components
such as ferridoxin, small Fe-S proteins that have sufficiently

negative redox potential to donate electrons to
metronidazole.

+* The single electron transfer forms a highly reactive nitro
radical anion that kills susceptible organisms by radical-

mediated mechanisms that target DNA, resulting in cell
death.

I e,
ol i\ll

GHaGH
Metronidazole

o TN

Ferredoxin

(reducad)
Farredoxin

{oxidized) Metaboliles

Q

Metronidazole

3

Bacterium

S

k DNA Fragmented é 4//
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Metronidazole

®» Broad spectrum cidal action for
protozoa

1. Anti-amoebiasis: kills £ Aistolytic
trophozoites but not cysts. Treatment of
all tissue infections with £ histolytic. No
effect against luminal parasites and so
must be used with a luminal amoebicide
to ensure eradication of the infection.

2. Anti-trichomoniasis
3. Anti-anaerobic bacteria

4. Anti-giardiasis

Metronidazole (Flagyl®)
Spectrum of Activity

* Good
— Anaerobes: gram positive and gram negative -
* Bacteroides, Fusobacterium, Clostridium, Prevotella Ablht_y of these
— Protozoa: organisms to reduce
* Trichomonas, Entamoeba, Giardia metronidazole to its
* Moderate active form
— Helicobacter pylori intracellularly
* Poor

— Peptostreptococcus, Actinomyces,
Propionibacterium
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