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Bacterial Resistance:

Two types:

1. Natural (innate) resistance, this is particularly
important in gram negative (G-) bacteria mediated by
the reduced permeability of the outer cell envelope of

Gram negative b
via the peptidog]
is gram positive |

acilli which is linked to the cell wall
ycan, such cell envelope is not present
pacteria

2. Other normall

y resistant bacteria can develop

resistance by generating resistance enzymes by
mutation or natural selection



//\\\//

Bacterial Resistance:

The second type of enzymatic resistance is the most
common resistance mechanism.

The resistant enzymes are collectively known as “
penicillinases” and are of two general types:

1. B-lactamases (most important)— L w0 c ol i,

2. Acylases
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e=o e B-lactamase break the B-lactam ring, they are either
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< avchromosomal or plasmid, constitutive or inducible-o;)j_kgﬁe::
depending on particular species:

Gram +ve S.aureus: 1. inducible B-lactamase

2. synthesized at cell wall and released extracellularly
95% of S.aureus became resistant to penicillins

Gram —ve bacillic 1. constitutive R=factor—- .
2. Cytoplasmic enzymes Renixillinas
Again [-lactamase from different species are different in
structure and properties.
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B-lactamase (Penicillinase):

Gram +ve bacteria normally release -lactamase to
outside of the cell that will cleave penicillin before
reaching the bacteria.

Gram —ve bacteria release -lactamase into the
periplasmic space, which again will cleave penicillin
before reaching the plasma membrane.

Penicillin has to reach the plasma membrane where
the transpeptidase present to do its antibacterial
action.

Most of gram —ve bacteria are [3-lactamase producing
bacteria
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These enzymes can hydrolyze the acylamino-side
chain of penicillins
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Increase the steric bulk at the a-carbon on the acyl-
amino group enhances good penicillins activity

Antibacterial activity is enhanced when the o-carbon
is part of aromatic ring, so based on these points we
can conclude that Ortho substituted aromatic ring
should produce excellent $-lactamase resistance

See the following slide for examples.
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B-Iactamase resistant Penicillins
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i Ri N . think and analyze)
N * Bulky which means f3-

O(OS)’—Q(\C 6@ )9 ,%LqMaJP

S
- ] Nl JL lactamase resistant
@o{af ackv 2 O . 1 1 3

: * E-withdrawing which
COOH .
means acid stable

ooruc \VIG J\UA-A&OU’U S
R4, R =H Oxacillin .
ol A0 25ZEN ! = e o-carbon is part of an
B”t;ﬁqfﬂ:f qj:j S Ry=Cl,Ry=H Cloxacillin S
= Ri=ClLRy=F Flucloxacillin aromatic ring which
Ry, Ry =Cl Dicloxacillin means good activity

Bulkier substituents are required for small sized heterocycles to give good anti-
B-lactamase activity

Acid stable due to the electron withdrawing effect of the isoxazole ring.
Used against S.aureus resistant bacteria.

Most penicillinase-resistant penicillins are less active than Penicillin G or
Phenoxymethyl penicillin (V aﬁamst most non-B-lactamase procedures that
are normally sensitive to penicillins, increasing o carbon bulkiness is with price

Penicillinase-resistant penicillins tend to be bulky and lipophilic with poor
penetration into Gram negative bacteria cell envelope
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Broad Spectrum Penicillins

Very important finding is the fact that substitution of
o-carbon with polar or ionized group will produce
wide spectrum of activity including G;am negative
bacteria It works against (Pseudomonas | E. coli Y

®Haemophilus influenza , |..)  fwmwpaictn 3 Gbae
5(0000 SPGC‘('/V\M ’o/“':'s-’}

In plasma PH NH2 will become ionized to NH3+

Sprsaiilte +NH3
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Broad Spectrum Penicillins

Ampicillin and Amoxicillin are effective against Gram
negative genera E.Coli, Klebsiella, Haemophila
Salmonella, Shiegella and some proteus

Ampicillin and Amoxicillin largely retain Gram positive
activity

D-isomer is more active than the L-isomer

The extended activity of a-amino-benzyl-penicillin is not
due to the anti-B-lactamase resistant activity rather it
is due to the hydrophillic nature of the molecule which
enables it to penetrate the outer cell-envelope through
the porin channels
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Broad Spectrum Penicillins

o-OH also expand the activity but they are less active
than the o-NH2 derivatives and less acid-stable than

the x-amino group

._.*| a-COOH |has wide spectrum activity including all the

2~ bacteria that are «-NH2 sensitive as well as gram

?/Lf‘jﬁnegative bacilli of the genera “Pseudomonas;
Psevdomona 2 .
Klebsiella, Enterobacter and Proteus” however its

potency against Ampicillin-Sensitive bacteria is lower
than Ampicillin
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Carboxypenicillins

They have a carboxylic acid at the a-carbon of the acyl
side chain.

They have broad spectrum activity.
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Ampicillin and amoxicillin prodrugs

Ampicillin and amoxicillin are Poorly absorbedc/)\?)‘\’jiM ?

through the mucus membrane, this is due to the fact
that they formed a zwitter ionic molecule at

physiological pH (they contain a carboxylic acid and
an amino group in their structure.

e The oral bioavailability can be improved by masking one

of them, mainly the carboxylic acid.... By preparing a
prodrug esters.
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* The methyl ester did not give the same improvement in absorption and activity (why?).
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Ureidopenicillins

They all have a urea group at the a-carbon in the acyl side

pasEss o |

Piperacillin & Tazobactam ’
for Injection L.P.

chain. ‘ S0k
S O o
They have better activity e =
compared to amoxicillin = o
5 . H H
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Used parenterally for gram -ve .. i
infections especially P.aeruginosa. o =
the ureido group though to mimic oj e
Some of the peptidoglycan structure, - - i% s
which means that it can bind to ™™ > [ Yo 8
grinng o . . . lessbane o4 2/Le
penicillin-binding protein i e, 3 . OJ;NFJL
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Generic
Name Chemical Name R Group Name Chemical Name R Group
Penidllin G Benzylpenicillin Amoxidillin  o-o-Amino-p-
O_m.,_ hydroxybenzylpenidillin no-@-«l:u—
NH:
Penicllin V. Phenoxymethylpenicillin
O‘Mﬁ_ Cydadllin  1-Aminocyclohexyl-
penicillin
Methicillin  2,6-Dimethoxyphenyl- NH;
penicillin Hs
Carbenicillin  ~-Carboxybenzyl-
penicillin '
Hs COxH
Risicten m;;""’hﬂ"" Tiearcilln -Carbony 3 thieny-
penicillin
[
Hs
Piperaciflin  a-{4-Ethyl-2 3-dioxo-1-
Oxacillin ~ 5-Methyl-3-phenyl-4- piperazinylcarbonyl- O—cn—
isoxazolylpenicillin O—]J: amino)benzylpenicillin I!JH
|
CHs
Cloxadillin  5-Methyl-3-(2- (o)
chlorophenyl)-4-
isoxazolylpenicillin 2
(!‘.Hzaﬁb
Dicdoxacillin 5-Methyl-3-(2,6- Mezlodllin  a-{1-Methanesulfonyl-2-
dichlorophenyl)-4- oxoimidazelidino-
isoxazolylpenicillin thonylanuno)bmzyl- ‘!m
penicillin |

Ampicillin  o-a-Aminobenzyl-
penicillin




TABLE 8.3 Classification and Properties of Penicillins

Oral Plasma B-Lactamase
Acid Absorption Protein Resistance Spectrum
Penicillin Source Resistance (%) Binding (%)  (S. aureus) of Activity Clinical Use
Benzylpenicillin  Biosynthetic Poor Poor (20) 50-60 No Intermediate =~ Multipurpose
Penicillin V Biosynthetic Good Good (60) 55-80 No Intermediate =~ Multipurpose
Methicillin Semisynthetic Poor None 3040 Yes Narrow Limited use
Nafcillin Semisynthetic Fair Variable 90 Yes Narrow Limited use
Oxacillin Semisynthetic Good Fair (30) 8594 Yes Narrow Limited use
Cloxacillin Semisynthetic Good Good (50) 88-96 Yes Narrow Limited use
Dicloxacillin Semisynthetic Good Good (50) 95-98 Yes Narrow Limited use
Ampicillin Semisynthetic Good Fair (40) 20-25 No Broad Multipurpose
Amoxicillin Semisynthetic Good Good (75) 20-25 No Broad Multipurpose
Carbenicillin Semisynthetic Poor None 50-60 No Extended Limited use
Ticarcillin Semisynthetic Poor None 45 No Extended Limited use
Mezlocillin Semisynthetic Poor Nil 50 No Extended Limited use
Piperacillin Semisynthetic Poor Nil 50 No Extended Limited use




