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ﬁl‘he major cell wall synthesis inhibitors currently in use are: )
1- The beta-lactams (e.g., penicillin and cephalosporins), whichlblock the formation)
of the peptidoglycan layer.
2- The glycopeptides (vancomycin and teicoplanin), which\disrupt assembly of the

\peptldoglycan precursor lipid Il. Y

Cell wall biosynthetic stages Antibiotics Target
Stage I: the cytoplasmic stage D-Cycloserine D-Ala-D-Ala ligase, alanine racemase
Fosfomycin MurA

Stage II: the membrane-associated stage Uridyl peptides (tunicamycin) MraY

Ramoplanin Murg, lipid II

B-Lactams PBPs
Glycopeptides Lipid II (D-Ala-D-Ala terminal)
Moenomycin Transglycosylase
Mannopeptimycins Lipid II
Lantibiotics (nisin) Lipid II
Defensin (plectasin) Lipid II

Bacitracin Undecaisoprenyl pyrophosphate
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TP

Beta lactam antibacterial drugs

The B-lactams include penicillins, cephalosporins, monobactams

and carbapenems and they share (@’)common structure, and a

common mechanism of action. ooy
8- lntton
;' E‘:Zh L m:._lz‘“) ﬁ \ / ;— @
(I\)Penlcﬂllns ] Cephalosporlns J

Y IAI/

[ Carbapenems ] [ NMomnobactam s ]
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Features of beta lactam antibiotics:

> They contain the 4-mem ered rmg (lactam) which is
e 5 21l

intrinsically labile to dﬁ)‘i" ac:dlc or enzymalc)

> Target: cell-wall blOSVhthES|SJr-5P Comlabe nAturel  resistaie by ol P-lactews

> Action:(bactericidal) active only against growing ce/ls )

> They have(variable spectrum.

proacl b\
narrow

S0 powertful, that tlu\ can fight and kil
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Chemuistry:

» The basic structure of the penicillins consists of
a thiazolidinering (A) connectedto a f-lactam
ring (B) to which 1s attached a side chain (R).

»The [B-lactam ring 1s responsible for the

biological activity of penicillins. and 1t 1s targeted

lw-L__—/“‘{
by organisms that produce penicillinase enzymie to
NesF2 s O

destroy it. S O E e
»The side chain (R) can be cleaved by amidase

enzyme producing 6-aminopenicillanic acid to  Aclside Beta-Lactam | Thiazolidine
’ chain Ring Ring H
. . . /7
which new side chains can be added to produce 2° - ©~ coon
o
new compounds of semi-synthetic penicillins. General Structure of Penicillins
povcliin  aoaes @y artd pinali Gon's ©

Mm~Eafed  prp .‘3‘}-2,_,4 (Gl ao\’él
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Mechanism of action

> Penicillins are bactericidal through inhibition of bacterial cell
wall synthesis for growing bacteria.

> The bacterial cell wall consists of(glycopeptldj linked Vli‘
peptide bridges between amino acid side chains.

>J3>acter ug ¢ells with evident cell wall have penicillin binding
proteins (PBP) to which transpeptidases are attached (1n the peri-
plasmic space).

INHIBITED BY |
PENICILLINS
———

— Transpeptidase
S

—

Peptidoglycan
strands in the
cell wall
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vd

> This trans-peptidation reaction gives the rigid mechanical
stability of the cell wall and prevent osmotic shock. L

» Binding of Penicillins and other beta lactam drugs to PBP
causes (inhibition of these transpeptidases )and inhibition cell
wall synthesis occur leading to bacterial cell death.

CELL RUPTURES AND DIES _
WHEN T TRIES TO GROW

[ PENICILLIN 9\)
BACTERIAL
CELL

FPENICILLIN 1= AN ANTIBIOTIC
THAT INTERFERES WITH THE
BUILDING OF THE BACTERIAL
CELL wWAlLL
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Mechanism of{resistance to  penicillins)

1. @nzymatic hydrolysis) where bacteria produce B-lactamases

(penicillinaseés) enzymes that can destroy [B-lactam antibiotics.

2. (\[nability of the drug to penetrz@to its site of action especially

in (gram negative}bacteria.

3. @ctive efflux pumps:khat remove the antibiotic from its site of

action.

4. @lteration in PBP with decreased affinity for B-lactam

antibiotics.

5. (Natural (Intrinsic) resistancg in bacteria lacking cell wall like

e

Mycoplasma..
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According to spectrum

The PENICILLINS

Narrow spectrum penicillins
Penicillin G 7
Penicillin V

Broad Spectrum Penicillins (aminopenicillin)

Amoxicillin
Ampicillin -7/ @
Bacampicillin

Penicillinase-resistant Penicillin (anti-staphyloccocal penicillins)
Cloxacillin
Nafcillin \
Methicillin o
Dicloxacillin / k—///(-g/
Oxacillin
® \ Eﬂended¥mctmm penicillins (Anti-pseudomonal penicillins)
—  Carbenicillin
Mezlocillin

Piperacillin
Ticacillin
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Penicillins

l

'

:

'

&Carbencillin

Y
Source Route of Spectrum of Resistance to Resistance to
Administration Activity Enzymes Acids
(Natural 1( Oral ) ( \j Resistance to Acid Stable
Penicillin-G Penicillin-V Beta-Lactamase Penicillin-V
Penicillin-V Amoxicillin Methicillin Amoxicillin
Semisynthetic Ampicillin Nafcillin Ampicillin
Cloxacillin Oxacillin Oxacillin Oxacillin
Dicloxacillin Parenteral Dicloxacillin Dicloxacillin
Methicillin Penicillin-G . Cloxacillin Cloxacillin
L o Discussed ) )
Nafcillin Methicillin Non-Resistance to Acid Unstable
&Oxacillin Nafcillin Beta-Lactamase Penicillin-G
Carbencillin Penicillin-G Methicillin
| Piperacillin Penicillin-V Nafcillin
Amoxicillin Carbencillin
Ampicillin Piperacillin
\\ / Ticarcillin
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1- Narrow spectrum (natural))penicillins
e.g. Natura

enicillins including penicilli enzyl penicillin)
& penicilli henoxymethyl penicillin): :‘/».”;’}&-,-9"4'6 'y

» Highly actl. € against sg:gg\latl}‘y& sécr%. 1% of gram-positive cocci, but
they are readlly,(hydrolyzed by penicillinase. VY ow S peckium

» They are 1nef’fect1ve against most strains of Staph. aureus.

> Some gram-negative coccl and anaerobic bacteria are susceptible

to natural penicillins.

2- The penicillinase resistant penicillins (Anti-staph penicillins)

e.g.
» They have very narrow spectrum (only active against sensitive
strains of Staphyloceeei)s so, they are the agents of first choice for

treatment of penicillinase-producing StaphlaureusIandanStaph
@pidermidis that are not Methicillin resistant.

»They are ineffective against bacilli and gram-negative
organisms.

2 2 2 2
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S ram @ + Glam S
3- Broad spectrum penicillins (Aminopenicillins) e.g. ampicillin

and amoxicillin which antimicrobial activity covers not only gram-
positive cocci but also the gram-negative organisms like
Hemophilus influenza, E coli and proteus mirabilis.

These drugs are administered frequently. with a p-lactamase
inhibitor such as clavulanate or sulbactam to prevent hydrolysis by

class A B-lactamases.
N

/74 Extended pectrum penicillins (Anti-pseudomonal penicillins)
liMicillinlMezlocillin, piperacillin and ticarcillir
Their antimicrobial activity extends to include the Pseudomonas,
Enterobacter and proteus species as gram negative organisms.

Thev are destroved bv beta lactamases.
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I- Natural penicillins "‘fﬁff g}q"d‘e’ ‘

oad

Pharmacokinetics: Cp2\ Sals Spectrm

> Penicillin G is not used orally (acid labile) and 1s usually given by
Intravenous A1V') or intramuscular {(IM) 1njection.

> Penicillin V is more stable in acidic medium and better absorbed

from GIT after oral administration.

» They are short acting (t,,_is 30 minutes) which need frequent

administration. . o

» Penicillin G penetrates readily inflamed meninges to enter the
CSF compared with normal meninges.

> Excretion 1s mainly by the kidney (10% via glomerular

filtration & 90% bv active tubular secretion).

» To prolong the.”.du,r.ation) .of action and reduce the frequency of
penicillin G infé‘c‘itiof’ﬁ/%{vbgé;‘é"éﬂid may be given as it blocks renal

tubular secretion of penicillin (but rarely used for this purpose).
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Long-acting penicillin

»The repository preparations of penicillin G (e.g..

i e . : . BENZATHINE 5, _
penicillin G benzathine) are frequently used mn clinical PE?(‘:%%NL::; | Sone ﬁ
INJ
practice. - s
»These I.M. preparations release penicillin G slowly 2.4 MIU (18 L T
' - . B S Fox daep ramascsar 5= 70 e—
from the area m which 1t 1s mjected and produces 23 TAI PHARM

relatively low but persistent concentrations of antibiotic

in the blood.

»Penicillin G benzathme preparation is given once per

month as a prophylaxis in rheumatic fever.

»Penicillin procaimne 1s another repository form (long

acting) of penicillin but given 1.M./12 hours.
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Therapeutic uses of penicillin G S cscc vieme~
1. Pneumococcal infection: pneumonia and meningitis. H.gnf .
2. Streptococcal infection such as pharyngitis cause by PB-
hemolytic streptococci. This prevents development of acute
rheumatic fever, but not glomerulonephritis.
Penicillin plus aminoglycoside for treatment of streptococcal
endocarditis. YW Ssevia
1. Meningococcﬁ?nfection: 1n acute meningitis , but ineffective in
meningococcal carrier state or prophylaxis.
2. Gonococcal infection, but ceftriaxone 1s an effective alternative.
5- Anaerobic infection: e.g. brain abscess (with metronidazole).
6- Syphilis.
7-Diphtheria: antitoxin is the only effective treatment, but penicillin
G eliminates the carrier state.

8- Clostridia infections: gas gangrene. -\ ‘).e‘ ‘,\/ CC\/Q
9- Anthrax. K "( : :
12- Chemoprophylaxis.... (*’M/C‘.)C )
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-

Chemoprophylaxis using Penicillin G and its long-
acting preparations

Penicillin G 1s used for Prophylaxis in the following conditions:

1.

Recurrence of rheumatic fever. Benzathine penicillin G (1.2
million units) given monthly as [.M. injection. In case of
hypersensitivity to penicillin, sulfisoxazole or sulfadiazine or
macrolides may be alternative.

Contact persons to patients suffering from syphilis.

Surgical or dental procedures in cardiac patients with rheumatic
valve disease to guard against sub-acute bacterial endocarditis

infection (penicillin plus aminoglycoside).
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L Doses of penicillin G

» The dose of penicillin G (4-24 million IU per day) given |V divided

>

into 5 to 6 doses. Each 1 million IU = 0.6 gram of penicillin G.

Benzathine penicillin G (1.2 million IU) IM (once every 3-4 weeks)
is used to prevent recurrence of beta hemolytic streptococcal

Infection among patients with rheumatic heart diseases to avoid
recurrence of rheumatic fever.

Benzathine penicillin G (2.4 million IU) IM (once every week for 3-

4 weeks) can eradicate syphilis
= g BENZATHINE 24

PENICILLIN | 55

:g,j

INJECTIONBP
-~ =
2400000 | :
24-"”‘"".5(3 SPTR L. 2
g Aty hagin Do E o - l:
Gonp Intramacs - ————
< TA) PHARMA e
/ L—-—J
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The combination of penicillin and aminoglycoside

Penicillins and
other cell wall
inhibitors
facilitate the
entry of
aminoglycoside
into bacterial cells
(Synergism)

Penicillin
(cell wall inhibitor)

Does not enter
Enterococcus

faecalis
Aminoglycoside ’ = P
(protein synthesis -
inhibitor; must
reach ribosomes)
™ ===

Cell inhibited but not killed

with penicillin
Penicillin %
Aminoglycoside

il
Q

| -

Cells killed
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II- The penicillinase resistant

anti-staphvlococcal) penicillins

Flucloxacillin, Nafcillin, Oxacillin, Cloxacillin, Dicloxacillin, and Methicillin

» They are resistant to hydrolysis by staphylococcal penicillinases:
therefore, their use should be restricted to the treatment of infection
caused by staphylococci.

»They are less effective against microorganisms susceptible to

penicillin G . ackonly on £ .aures £ epdamiy
»They have no__effect on_gram negative bacteria producing
penicillinase.

» Methicillin was withdrawn because of causing interstitial

nephs (Jorewer No-one Can destroy )

> Combination of flucloxacillin and amoxicillin are available as
oral or injectable preparations.
> Also, combinations of dicloxacillin anw‘%c’g‘}g are available.
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: .y
16 Hard gelatin Capsules

FLUMOX 500

Amoxycillin 250 mg
Flucloxacillin 250 mg
Broad-spectrum
Antibiotic

CGYPTIAN INTERNATIONAL PHARMACEUTICAL
INDUSTRIES CO. - BLMLCO. « 10™ OF MAMADAN
, OTY . AOUSTIALANEA B1 - PO.SOK: 140 TENTH - EGYPT
| Te CUSLEMTIN - Far CASLEIRION - £t spuofvoun comey

wellona Pharma

10X10 Capsules
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pore in

resistant

Methicillin resistant microorganisms
e | f
organisms like / DON'T NEED TO

}Meth%m ci’é
woRRy asovr [ [T°S MRSA!

Methicillin-resistant Staph. aureus (MRSA) 1s | 7#/5 INFECTION...

a term applied now to all bacteria which are
resistant to all penicillinase resistant penicillins
like Methicillin.

»MRSA is resistant to most B-lactams because
of the presence of mecA, a gene that produces
a penicillin binding protein (PBP2a) with low
affinity for B-lactam antibiotics

»Vancomycimn., lmezolid and other drugs is
indicated m  these conditions although

imtermediate level of resistance 1s emerging.
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ANTIBIOMICS WITHIMRSAICOVERAGE

, ‘ ORAL M RS o |
- g OBRAL & IV for MR OF £
: J o

Doxycyc“ne @ncomycin

Delafloxacin Daptomycin
Minocycline b 97° - A
Omadacycline Telavancin

' D
Ceftaroline
= =

Tedizolid *Dalbavancin
TMP-SMX S ———

Clindamycin Linezolid
s

*Qritavancin

g

* Long acting
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