Antibilotics

PENICILLINS




HISTORY OF ANTIBIOTICS

53,900,000 worldwide deaths in 1998

The End Of InfeCtiOus Disease 13,300,000 due to Infectious Discase

(does not inglude cardiovmcular, respientory or digestive
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*In 1998 WHO estimated that over 13
million deaths worldwide were caused
by infectious disease, almost a quarter
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HISTORY OF ANTIBIOTICS
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HISTORY OF ANTIBIOTICS

Brief History of Antibiotics

* 1928- Penicillin discovered by Fleming

» 1932- Sulfonamide antimicrobial activity discovered {Erlich}+

* 1943- Drug companies begin mass production of penicillin

* 1948- Cephalosporins precursor sent to Oxford for synthesis

« 1952- Erythromycin derived from Streptomyces erythreus

* 1956- Vancomycin introduced for penicillin resistant staphylococcus

* 1962- Quinolone antibiotics first discovered

» 1970s- Linezolide discovered but not pursued

* 1980s- Fluorinated Quinolones introduced, making then clinically useful

» 2000- Linezolide introduced into clinical practice



HISTORY OF ANTIBIOTICS

The History of Medicine

2000 B.C.—Here, eat this root.

1000 A.D.—That root is heathen. Here, say this prayer.

1850 A.D.—That prayer is superstition. Here, drink this potion.
1920 A.D.—That potion is snake oil. Here, swallow this pill.
1945 A.D.—That pill is ineffective. Here, take this penicillin.
1955 A.D.—Oops...bugs mutated. Here, take this tetracycline.

1960-1999—39 more “oops. Here, take this more powerful antibiotic.
2000 A.D.—The bugs have won! Here, eat this root.
—Anonymous (WHO, 2000)



HISTORY OF ANTIBIOTICS
|




HISTORY OF ANTIBIOTICS
.

Gerhard Domagk - Prontosil

|' o '

a-'- | ‘ F L\ H?;SO O
-7 4 -;‘l\}

..—. ‘.-ﬁ v .\, W
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HISTORY OF ANTIBIOTICS

il
Between 1962 and 2000, no major classes
of antibiotics were introduced
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1940 1950 1960 1970 1980 1990 2000 2010

-€— Innovation gap —>»

Quinolones, Streptogramins

Glycopeptides uwd“

Macrolides

Oxazolidinones
Aminoglycosides
Chloramphenicol, Tetracyclines

Fischbach MA and Walsh CT Science 2009
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MECHANISM OF ACTION

TOXIC METABOLITES CELI. WALL

= Metromdazrole ‘P::nici;ns
- phalosporins
= Carbapenams
= Glycopeptides

RNA POLYMERASE
= Rifampin

DNA GYRASE
= Fluoroquinolones

PROTEIN SYNTHESIS
= Nitrofurantoin

30S RIBOSOME
= Aminoglycosides
= Tetracyclines

FOLIC ACID PATHWAY
- TMP/SMX
= Dapsone sulfoxone

MYCOLIC ACID PATHWAY
= Isoniaad
= Ethambutol

Mechanism of acrion of antibiortics




MECHANISM OF ACTION

Chioramphenicol
binds to 50s 1 RNA and
Inhibits formation of
peptide bond

Etytiv otmycin
binds 1o 50% r-RNA and
Prevents moveinem
along m-RNA

m-RNA
S e S

Streptomycin ! \ Tetr acycline

changes shape of 30s . imerfers with the 1 RNA
I-RNA and causes m-RNA anticodon 1 eading of

1o be read Inc ﬂll(’(,"v m-RNA codon

Inhibition of Protein Synthesis by Antibiotics




MECHANISM OF ACTION
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MECHANISM OF ACTION

Cell Wall Synthesis Nucleic Acid Synthesis
Folate synthesis

- Sulfonamides

Beta Lactams Trimethoprim DNA Gyrase
- Quinolones

Penicillins

Cephalosporins -
Carbapenems . ‘ N RNA Polymerase

Monobactams . Rifampin

Vancomycin
Bacitracin

50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Streptogramins

Cell Membrane 30S subunit
Polymyxins Tetracyclines

Aminoglycosides Protein Synthesis




MECHANISM OF ACTION

Antibiotics weaken the cell wall, and cause the cell to lyse




Classification of Penicillins

v

Fermentation denived Semisynthetic Aminopenicilling  Carboxypenicillins  Ureidopenicillins
penicilling penicillanase resistant
l penicilling
1' T -Ticarcillin -Piperacillin
-Penicillin G -Ampicillin Mezlocilli
o dlogan s g €Z10CH1INn
-Penicillin V -Methicillin -Amoxicillin i1
-Nafacillin -Azlocillin

-Isoxazolyl Penicillins




CHEMISTRY OF PENICILLINS

STRUCTURE

and are characterized by three fundamental structural requirements:
» The fused beta-lactam & Thiazolidine ring structure.

» A free carboxyl acid group.
»One or more substituted amino acid side chains.

Thiozolidine ring

Acylamino
side chain

Carboxylic acid
side chain

B-lactam ring




Chemistry

*Penicillin nucleus consists of
*Thiazolidinering (Ring A)-
*Sulphur containing with COOH (Carboxyl group),

*Beta lactam ring (Rlng B) — (Broken by Betalactamase)
Side chain is attached at position — 6- (NHCOR)

Side chains attached through amide linkage. (srokenby

Amidase)
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General Structure of Penicillins




Natural penicillins

V;O“R:;'\ “\—®<CH3
Penicillin /

Penicillin V

Penicillin G

Penicillin O
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Penicillin G is also referred to as gold standard penicillin.

Penicillin G is not acid resistant it is acid sensitive.

3 reasons for the acid sensitivity of penicillin G.

1. Ring strain. ( 4 membered betalactam ring + 5 membered thiazolidine ring) As a result penicillins
suffers large angle and torsional strains. Acid catalyzed ring opening relieves these strains by breaking
open the more highly  -lactam ring,

2, Highly reactive corbonyl proup, The resonance stabilization is impossible for the B ~lactam ring because
of the increase in angle strain that would result in having a double bond within f} -lactam ring. So the

angle of the P ~lactam ring constrained to 90', So the lone pair is localized on the N atom, and the
carbonyl group is more electrophilic than ane would expect for a tertiary amide.

Influence of the acyl side chain: Acyl group open up the lactam ring . So Penicillin G has a self-destruct
mechanism built in its structure.

O
|
Banzyipensiin i broken Gown by stomach ackd Hzc—é—ﬁN——(
and destroyed by staphyiococcus penicliinase.
Soit o= . lll(_,(}(}-{
- w w Howanyl oup /
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Therapeutic uses:
Drugs of the penicillin group are effective for infections caused by Gram-positive buacteria
(streplococcus. pneumecoccus. and others), spirochaeiae, and other pathogenic microorganisms.
Drugs of this group are ineffective with respect to viruses, mveobacteria tuberculosis, fungi, and
the majority of Gram-negative microorganisms,
Benzylpenictllin is the drug of choiee for infections caused by sensitive organisms. This includes streptococct
infections (except enterococc ), gonococct, and menmgococci that do not produce bets-lactam anacrobes,
Benzylpenictllin s used for croupous and focal pneumonia, skin infections, soft tissue and mucous memb ranes,
periotonitis, cystisis. syphilis, diphtheria, and other infectious diseases.



PENI LIN- V [t withdraws the electrons away
from the corbonyl oxygen and
reduce the tendency to act as a

leophile
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Phenoxy methyl Penicillin ( Penicilln V)

*By placing electron with drawing group in the side chain which could draw
electrons away from the corbonyl oxygen and reduce its tendency to act as
a nucleophile.

*Penicillin- V has electro —ve oxygen on the acyl side chain with electron
withdrawing effect. It has more acid stability than penicillin G .

*It 1s more stable n acid in the stomach, so it can be given orally.

*Infact acid sensitivity can be solved by having an electron withdrawing group
on the Acyl side chain.



Isoxazole penicillins. Part 6
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Dicloxacillin Nafcillin Meticillin
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Penicillins
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Amoxicillin
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Ciclacillin ©><C—N— OCH3
NH,




Structural Activity Relationship (SAR)

Position 1 —~ When the sulfur atom of the Thiazolidine ring is oxidized to
a sulfone or sulfoxide, it improves acid stability, but decreases the activity of
the agent.

Position 2 — No substitutions allow at this position, any change will lower
activity. The methyl groups are necessary

Position 3 — The carboxylic acid of the Thiazolidine is required for activity. If
it is changed to an alcohol or ester, activity is decreased.

Position 4 — The nitrogen is a must.

Position 5 — No substitutions allowed.

R
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]
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DIFFERENT CLASSES OF ANTIBIOTICS - AN OVERVIEW

'Hey.' . COMMONLY ACT AS BACTERIOSTATIC AGENTS, RESTRICTING GROWTH & REPRODUCTION . COMMOMLY ACT AS BACTERICIDAL AGENTS, CAUSING BACTERIAL CELL DEATH

CTAMS AMINOGLYCOSIDES CHLORAMPHENICOL GLYCOPEPTIDES QUINOLONES OXAZOLIDINONES

Inhibit bacteria call wall biosynthesis. bacteria, leading to cell death. Inhibit bacteria cell wall bicsynthesis, * * replication and transcription. bacteria, preventing growth.
e o

resistance and worries about safety.

: MOST WIDELY USED ANTIBIOTICS : : FAMILY OF OVER 20 ANTIBIOTICS : : COMMOMLY USED IN LOW INCOME : : COMMONM ‘DRUGS OF LAST RESORT : : RESISTAMCE EVOLVES RAPIDLY : : POTENT ANTIBIOTICS COMMONLY :
- IN THE MHS - e - COUNTRIES .. " - w o o » » USEDAS DRUGS OF LAST RESORT »
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L] o ,N : - Distingt individual nd L All contain fused aromatic rings with e ® * Al contoin 2-oxazolidone somewhere  ®
: All contain @ beta-lactam ring All contain eminosugar substructures : tinct individual compau : carboxylic acid group ottached - : in their structure :
MODE OF ACTION
. EXAMPLES EXAMPLES C inhibits eynthesia of protzins, N Consist of carbohydrate linked to @ EXAMPLES . EXAMPLES .
L Penicillins (shown) such as Streptomycin (shown), neomycin, . preventing growitt . peptide formed of amina ocids Ciprofloxacin (shown), leveflaxacin, . Linezolid {shown), pasizolid, .
: amaxicillin and flucloxacillin; kanamycin, paromomycin. : ) : EXAMPLES trovafloxacin. : tedizolid, cycloserine. :
; ; Mo | firstline drug i - . ;
. Cephalosporins such as cefalexin. MODE OF ACTION . o 0"5:; n’:ﬁ;:‘*{em';gp'l” ;:"5’ * Vancomygin (shown), teicoplanin. MODE OF ACTION : MODE OF ACTION N
. MODE OF ACTION Inhibit the synthesis of proteins by ©  conjunctivitis) due to increased MODE OF ACTION Interfere with bacteria DNA «  Inhibit synthesis of proteinsby
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. . . . .

sesassssagensnsenas” ssassnssagesssnsnas” “sassssssspgessnsnsns” "ssesssnsngessssssas” "ssssssssagesssssnss” “sassssssspgessssnnas”

MACROLIDES STREPTOGRAMINS

: FIRST COMMERCIAL ANTIBIOTICS BECOMING LESS POPULAR DUETO : : SECOND MOST PRESCRIBED : : CANM ALSO DEMONSTRATE : : TWO GROUPS OF ANTIBIOTICS THAT : : INSTANCES OF RESISTANCE RARE :
. WERE SULFONAMIDES DEVELOPMENT OF RESISTANCE  » » ANTIBIOTICS IN THE NHS " e ANTIVIRAL ACTIVITY M ACT SYMERGISTICALLY " M
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. AN contain the suiforamide group All contain 4 adjacent cyclic - 8 . " . - @ - e -
. hydrocarben rings L All eantain ar;:;;g;:’f}":s—mbemd ® & A contain an aromatic ring bridged by ® %  Combination of two structurally diffening  # L]
: EXAMPLES - s o an aliphatic chain. * ® compounds from groups denoted ASE % 8 o e
»  Prontosil, sulfanilamide (shown], EXAMPLES . s EXAMPLES - EXAMPLES . s EXAMPLES p Al contain a lipid bonded to o peptide .
: sulfadiazine, sulfizoxazole. Tetracycline [shown), doxycycline, : : Erythromycin (shown), : Geldanamyecin (shown), rifamycin, - Pristinamycin ILA {shown), - : FMMPLES _ :
- MODE OF ACTION limecycline, oxytatracycline. . clarithromycin, azithromycin. . naphthemycin. Pristinamycin LA : Daptomycin (shown). surfactin. :
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» Do notkill bal:lerlaf h!n plreuent their MODE OF ACTION & o MQDE OF ACDON o MODE OF ACTION MODE OF ACTION . ) MDDE OF ACTION .
»  growth and multiplication. Cause Inhibit synthesis of proteins by & & Inhibit !}ro‘bem syn?hems by bacteria, » Inhibit the synthesis of RMA by Inhibit the synthesis of proteins by - Dlsru_pt multlpl_e cell membrane -
: allergic reactions in some patients. bacteria, preventing growth. : : occasionally leading to cell death. : bacteria, leading to cell death. : bacteria, leading to cell death. : : functions, leading to cell death. :
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