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Cell Wall Inhibitors
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Some antimicrobial drugs selectively interfere with synthesis of the bacterial cell wall—a

structure that mammalian cells do not possess. The cell wall is composed of a polymer called

peptidoglycan that consists of glycan units joined to each other by peptide cross-links. To be

maximally effective, inhibitors of cell wall synthesis

microorganisms.

PENICILLINS

The penicillins are among the most widely effective and the
least toxic drugs known, but increased resistance has limited
their use. Members of this family differ from one another in
the R substituent attached to the 6-aminopenicillanic acid
residue (Figure 38.2). The nature of this side chain affects
the antimicrobial spectrum, stability to stomach acid, cross
hypersensitivity, and susceptibility to bacterial degradative

enzymes (p-lactamases).

A. Mechanism of action

The penicillins interfere with the last step of bacterial cell
wall synthesis (transpeptidation or cross-linkage), resulting
in exposure of the osmotically less stable membrane. Cell
lysis can then occur, either through osmotic pressure or
through the activation of autolysins. These drugs are
bactericidal and work in a time-dependent fashion.
Penicillins are only effective against rapidly growing
organisms that synthesize a peptidoglycan cell wall.
Consequently, they are inactive against organisms devoid of
this structure, such as mycobacteria, protozoa, fungi, and

viruses.
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Ceftaroline TEFLARD
Ceftazidime FORTAZ
Ceftibuten CEDAX
Ceftizoxime CEFIZOX
Ceftriaxone ROCEPHIN
Cefuroxime CEFTIN
Cephalexin KEFLEX
CARBAPENEMS
Doripenem DORIBAX
Ertapenem INVANZ
Imipenem/cilastatin PRIMAXIN
Meropenem MERREM

Aztreonam AZACTAM

Figure 38.1

Summary of antimicrobial agents
affecting cell wall synthesis. (Figure
continues on next page.)
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1. Penicillin-binding proteins:

Penicillins also inactivate numerous proteins on the bacterial cell membrane. These penicillin-
binding proteins (PBPs) are bacterial enzymes involved in the synthesis of the cell wall and in
the maintenance of the morphologic features of the bacterium. Exposure to these antibiotics can
therefore not only prevent cell wall synthesis but also lead to morphologic changes or lysis of
susceptible bacteria.

2. Inhibition of transpeptidase:

Some PBPs catalyze formation of the cross-linkages between peptidoglycan chains. Penicillins
inhibit this transpeptidase-catalyzed reaction, thus hindering the formation of cross-links

essential for cell wall integrity.

3. Production of autolysins:

Many bacteria, particularly the gram positive cocci, produce degradative enzymes (autolysins)
that participate in the normal remodeling of the bacterial cell wall. In the presence of a penicillin,
the degradative action of the autolysins proceeds in the absence of cell wall synthesis. Thus, the
antibacterial effect of a penicillin is the result of both inhibition of cell wall synthesis and
destruction of the existing cell wall by autolysins.

Antibacterial spectrum

1. Natural penicillins:

Natural penicillins (penicillin G and penicillin V) are obtained from fermentations of the fungus
Penicillium chrysogenum. Penicillin [pen-i-SILL-in] G (benzyl-penicillin) is the cornerstone of
therapy for infections caused by a number of gram positive and gram-negative cocci, gram-
positive bacilli, and spirochetes. Penicillins are susceptible to inactivation by [B-lactamases
(penicillinases) that are produced by the resistant bacteria. Despite widespread use and increase
in resistance to many types of bacteria, penicillin remains the drug of choice for the treatment of
gas gangrene (Clostridium perfringens) and syphilis (Treponema pallidum). Penicillin V has a

similar spectrum to that of penicillin G, but it is not used for treatment of bacteremia because of
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its poor oral absorption. Penicillin V is more acid stable than penicillin G and is often employed
orally in the treatment of infections.

2. Antistaphylococcal penicillins:

Methicillin [meth-i-SILL-in], nafcillin [naf-SILL-in], oxacillin [ox-a-SILL-in], and dicloxacillin
[dye-klox-a-SILL-in] are B-lactamase (penicillinase)-resistant penicillins. Their use is restricted
to the treatment of infections caused by penicillinase-producing staphylococci, including
methicillin sensitive Staphylococcus aureus (MSSA). [Note: Because of its toxicity (interstitial
nephritis), methicillin is not used clinically in the United States except in laboratory tests to
identify resistant strains of S. aureus. MRSA is currently a source of serious community and
nosocomial (hospital-acquired) infections and is resistant to most commercially available (-
lactam antibiotics.] The penicillinase- resistant penicillins have minimal to no activity against

gram-negative infections.

3. Extended-spectrum penicillins:

Ampicillin [am-pi-SILL-in] and amoxicillin [a-mox-i-SILL-in] have an antibacterial spectrum
similar to that of penicillin G but are more effective against gram negative bacilli. Ampicillin
(with or without the addition of gentamicin) is the drug of choice for the gram-positive bacillus
Listeria monocytogenes and susceptible enterococcal species. These extended-spectrum agents
are also widely used in the treatment of respiratory infections, and amoxicillin is employed

prophylactically by dentists in high-risk patients for the prevention of bacterial endocarditis.

4. Antipseudomonal penicillins:

Piperacillin [pip-er-a-SILL-in] and ticarcillin [tye-kar-SILL-in] are called antipseudomonal

penicillins because of their activity against Pseudomonas aeruginosa.
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Resistance

Natural resistance to the penicillins occurs in organisms that either lack a peptidoglycan cell wall
(for example, Mycoplasma pneumoniae) or have cell walls that are impermeable to the drugs.
Acquired resistance to the penicillins by plasmid-mediated p-lactamases has become a
significant clinical problem.

1. p-Lactamase activity:

This family of enzymes hydrolyzes the cyclic amide bond of the -lactam ring, which results in
loss of bactericidal activity. They are the major cause of resistance to the penicillins and are an
increasing problem. Gram-positive organisms secrete [B-lactamases extracellularly, whereas

gram-negative bacteria inactivate B-lactam drugs in the periplasmic space.

2. Decreased permeability to the drug:

Decreased penetration of the antibiotic through the outer cell membrane of the bacteria prevents
the drug from reaching the target PBPs. The presence of an efflux pump can also reduce the

amount of intracellular drug (for example, Klebsiella pneumoniae).

3. Altered PBPs:

Modified PBPs have a lower affinity for B-lactam antibiotics, requiring clinically unattainable
concentrations of the drug to effect inhibition of bacterial growth. This explains MRSA

resistance to most commercially available B-lactams.

Pharmacokinetics

Depot forms: Procaine penicillin G and benzathine penicillin G are administered IM and serve
as depot forms. They are slowly absorbed into the circulation and persist at low levels over a

long time period.
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Absorption:

Most of the penicillins are incompletely absorbed after oral administration, and they reach the
intestine in sufficient amounts to affect the composition of the intestinal flora. Food decreases
the absorption of all the penicillinase-resistant penicillins because as gastric emptying time
increases, the drugs are destroyed by stomach acid. Therefore, they should be taken on an empty
stomach.

Distribution:

The B-lactam antibiotics distribute well throughout the body. All the penicillins cross the
placental barrier, but none have been shown to have teratogenic effects. However, penetration

into bone or cerebrospinal fluid (CSF) is insufficient for therapy unless these sites are inflamed.

Metabolism:

Host metabolism of the B-lactam antibiotics is usually insignificant, but some metabolism of

penicillin G may occur in patients with impaired renal function.

Excretion:

The primary route of excretion is through the organic acid (tubular) secretory system of the

kidney as well as by glomerular filtration.

Adverse reactions

Hypersensitivity:
Approximately 5% percent of patients have some kind of reaction, ranging from rashes to
angioedema (marked swelling of the lips, tongue, and periorbital area) and anaphylaxis. Cross-

allergic reactions occur among the B-lactam antibiotics.
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Diarrhea is a common problem that is caused by a disruption of the normal balance of intestinal

microorganisms.

Nephritis:

Penicillins, particularly methicillin, have the potential to cause acute interstitial nephritis. [Note:

Methicillin is therefore no longer used clinically.]

Neurotoxicity and Hematologic toxicities.

CEPHALOSPORINS

The cephalosporins are [B-lactam antibiotics that are closely related both structurally and

functionally to the penicillins. Most cephalosporins are produced semisynthetically by the

chemical attachment of side chains to 7-aminocephalosporanic acid. Cephalosporins have the

same mode of action as penicillins, and they are affected by the same resistance mechanisms.

However, they tend to be more resistant than the penicillins to certain [3-lactamases.

Antibacterial spectrum

Cephalosporins have been classified as first, second, third, fourth, and advanced generation,

based largely on their bacterial susceptibility patt erns and resistance to -lactamases.

First Generation

| Thisfi rst-generation parenteral cephalosparin

Cefarolin

has a longer duration of action and a similar
spectrum of action, comipared to other first-
generation drugs. It penetrates well inbo bone.

[ Coppoienin B

This is the prototype of first-generation,
oral cephalosporins. Oral administration
twice daily is effective against pharyngitis.

Second Generation

Cefuroxime ]

This prototype second-generation, parenteral
cephalosporin has a longer hali-life than
similar agents. |t crosses the blood-brain
barrier, and it can be usad for community-
acquired bronchitis or pneumaonia in the
elderly and for patients who are
immunocompromised.

=l

Administerad twice daily, this dregis
well absorbed and is active against
p-lactamase-producing onganisms.

Third Generation

-

These are administered orally once daily. |

Cefotaxime

This penatrates well into the C5E |

Ceftazidime .q_|.

This is active against Pseudomonas asniginosa. |

This drug has the longest half-life of amy
cephalospornin (6 to B howrs), which
permits once-a-day dosing. High lewels of
the drug can be achieved in blood and
C5F. It is effective against genital, anal,
and pharyngeal penicillin-resistant
Meizseria gonomhoeae. The drug is
excreted in bile and may be usad in
patients with renal insufficiency. It has

good penetration into bone.

Fourth Generation

Cofiepime g

This is active against Preudomonss senuginoss.

Figure 38.12

Therapeutic advantages of some clinically useful cephalosporins. [Mote: Drugs that can be administered orally are shown in
reverse type. Mora usaful drugs shown in bold.]. (CSF = cerabrospinal fluid. )
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Advanced generation:

Ceftaroline [sef-TAR-oh-leen] is a broad spectrum, advanced-generation cephalosporin that is
administered IV as a prodrug, ceftaroline fosamil. It is the only commercially available B-lactam
in the United States with activity against MRSA and is indicated for the treatment of complicated

skin and skin structure infections and community-acquired pneumonia.

Resistance

Mechanisms of bacterial resistance to the cephalosporins are essentially the same as those

described for the penicillins.

Pharmacokinetics
1. Administration:

Many of the cephalosporins must be administered IV or IM because of their poor oral

absorption.

2. Distribution:

All cephalosporins distribute very well into body fluids. However, adequate therapeutic levels in
the CSF, regardless of inflammation, are achieved with only a few cephalosporins. For example,
ceftriaxone and cefotaxime are effective in the treatment of neonatal and childhood meningitis

caused by H. influenzae.

3. Elimination:

Cephalosporins are eliminated through tubular secretion and/or glomerular filtration. Therefore,

doses must be adjusted in cases of renal dysfunction to guard against accumulation and toxicity.

Adverse effects

Like the penicillins, the cephalosporins are generally well tolerated. However, allergic reactions
are a concern. Patients who have had an anaphylactic response, Stevens-Johnson syndrome, or

toxic epidermal necrolysis to penicillins should not receive cephalosporins. Cephalosporins

7
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should be avoided or used with caution in individuals with penicillin allergy. Current data
suggest that the cross-reactivity between penicillin and cephalosporins is around 3% to 5% and is
determined by the similarity in the side chain, not the B-lactam structure. The highest rate of

allergic cross-sensitivity is between penicillin and first-generation cephalosporins.

OTHER B-LACTAM ANTIBIOTICS
A. Carbapenems

Carbapenems are synthetic 3-lactam antibiotics, Imipenem [i-mi-PEN-em], meropenem [mer-
oh-PEN-em], doripenem [dore-i-PEN-em], and ertapenem [er-ta-PEN-em] are the drugs of this
group currently available. Imipenem is compounded with cilastatin to protect it from metabolism

by renal dehydropeptidase.

Antibacterial spectrum:

Imipenem resists hydrolysis by most B-lactamases, but not the metallo-p-lactamases. This drug
plays a role in empiric therapy because it is active against p-lactamase—producing gram-positive

and gram-negative organisms, anaerobes, and P. aeruginosa.

Pharmacokinetics:

Imipenem/cilastatin and meropenem are administered IV and penetrate well into body tissues
and fluids, including the CSF when the meninges are inflamed. Meropenem is known to reach
therapeutic levels in bacterial meningitis even without inflammation. They are excreted by

glomerular filtration.

Adverse effects:

Imipenem/cilastatin can cause nausea, vomiting, and diarrhea. Eosinophilia and neutropenia are
less common than with other B-lactams. High levels of imipenem may provoke seizures;

however, the other carbapenems are less likely to do so.
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B. Monobactams

The monobactams, which also disrupt bacterial cell wall synthesis, are unique because the f-
lactam ring is not fused to another ring (Figure 38.13). Aztreonam [az-TREE-oh-nam], which is
the only commercially available monobactam, has antimicrobial activity directed primarily
against gram-negative pathogens, including the Enterobacteriaceae and P. aeruginosa. It lacks
activity against gram positive organisms and anaerobes.

This drug has a low immunogenic potential, and it shows little cross-reactivity with antibodies
induced by other B-lactams. Thus, this drug may offer a safe alternative for treating patients who

are allergic to other penicillins, cephalosporins, or carbapenems.

VANCOMYCIN

Vancomycin [van-koe-MYE-sin] is a tricyclic glycopeptide that has become increasingly
important in the treatment of life-threatening MRSA and methicillin-resistant Staphylococcus
epidermidis (MRSE) infections, as well as enterococcal infections. Vancomycin is not absorbed
after oral administration, so the use of the oral formulation is limited to the treatment of severe

antibioticassociated C. difficile colitis.

B-LACTAMASE INHIBITORS

Hydrolysis of the B-lactam ring, either by enzymatic cleavage with a B-lactamase or by acid,
destroys the antimicrobial activity of a f-lactam antibiotic. B-Lactamase inhibitors, such as
clavulanic [cla-vue-LAN-ick] acid, sulbactam [sul-BACK-tam], and tazobactam [ta-zoh-BACK-
tam], contain a B-lactam ring but, by themselves, do not have significant antibacterial activity or
cause any significant adverse effects. Instead, they bind to and inactivate -lactamases, thereby
protecting the antibiotics that are normally substrates for these enzymes. The PB-lactamase

inhibitors are therefore formulated in combination with - lactamase—sensitive antibiotics.



