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ANTIBIOTICS THAT ACT ON THE 

BACTERIAL CELL WALL 

•BETA LACTAMS 

 

•NON-BETA LACTAMS 



 

Beta lactam drugs 

• Penicillins, PENEMS 

• Cephalosporins, CEPHEMS 

• Monobactams,  

• Carbapenems,  

• Beta lactamase  inhibitors. 

 

 

 



PENICILLINS Classifications:  

 

• Penicillins (pen G) 

• Antistaphilococcal Pen (nafcillin) 

• Extended-spectrum pen (ampicillin and 

antipsudomonal pen) 

 



PENICILLINS 
• Mechanism of Action 

 
• Penicillins bind to enzymes on the cell 

membrane called penicillin binding 
proteins (PBP).  

• PBP's are enzymes that regulate the 
structure of the cell wall.  

• For example, PBP 1 





A. Penicillins:  
Benzyle penG, Procaine Pen G, Benzatine pen G 

 
• i. A natural product of Penicillium 

notatum. It is the standard penicillin; 
very potent and relatively inexpensive. 

• ii. The penicillin of choice for treating 
many infections;cocci g+/_, anaerobic . 

• iii. Unstable in acid, and is therefore 
rapidly degraded in the stomach. 

• iv. Penicillin G is broken down by -
lactamases (sometimes called 
penicillinases) produced by some 
staphylococci and other bacteria. 

http://www.sciencemuseum.org.uk/hommedia.ashx?id=7507&size=Small


•  Acid-resistant penicillins – better oral availability 

than penicillin G. 

 

• i. Penicillin V; poor bioavaiability,narrow 

spectrum 

• ii. Phenethicillin 



B. Penicillinase-resistant 

penicillins (antistaff) 

• Narrower spectrum than Penicillin 

G( no effects on cocci G-, 

enterococci, anaerobic). Primary 

use is against staphylococci which 

produce penicillinase,strep. 

• ii. Methicillin (no longer use ;nephrotoxicity), 

nafcillin - not resistant to acid. 

• iii. Oxacillin i.v, cloxacillin, 

dicloxacillin - resistant to acid, and 

are orally effective. 



C. Extended Spectrum” Penicillins 

a.Aminopenicillins (Broad spectrom) 

•  improved activity against gm(-) rods, but 
less active than penicillin G against gm(+) 
species. 

• i. Ampicillin and amoxicillin - effective 
against gram(-) rods; acid resistant, but not 
penicillinase resistant. 

• b. Carboxypenicillins– Carbenicillin (not 
used anymore; better drugs available) 
and Ticarcillin – also effective against 
gram(-) rods including P. aeruginosa and 
Proteus sp. 

 



c. "Antipseudomonas" 

penicillins (ureidopenicillins) 

• - Azlocillin, mezlocillin, piperacillin.  

• Not penicillinase resistant, not significantly 

better than carbenicillin; often 

administered in combination with 

gentamicin to reduce psudomona resistance. 

• Effective against g- rods; klebsiella 

pneumonia 

 



Combinations of penicillins and 

–lactamase inhibitors 

• i. Augmentin. 

• amoxicillin plus clavulanic acid, a -

lactamase inhibitor.  

• Extends the spectrum of activity of 

amoxicillin to include species and 

strains that produce - -lactamase. 

• ii. Timentin - ticarcillin plus 

clavulanic acid 

• iii. Ampicillin and sulbactam 



Problems! 

Penicillins are among the 

most misused drugs 

• Misusing and over usage of pens caused 
resistance in many bacterial sp.: 

• 90% of hospital staph.  

• Staph aurous resistant to methicillin. 

• H. influenzae, N. gonorrheae 

• Destroying normal flora by broad spectrum 
penicillins; high incidence of opportunistic 
infections. 



B. CEPHALOSPORINS 

• 1. Mechanism of Action 

• a. Cephalosporins are very similar 
to penicillins in structure and 
pharmacology. 

• They are  -lactam antibiotics 
derived from natural products of the 
mold Cephalosporium acremonium. 

• b. Cephalosporins inhibit cell wall 
synthesis by a mechanism similar 
to penicillins, and are usually 
bactericidal. 



Generations of Cephalosporins 

First Second Third forth 

Cephalotin 

Cephalexin* 

Cephazolin* 

Cephradine* 

Cephapirin 

Cefadroxil* 

Cefamandole 

cefaclor 

Cefoxitin* 

Cefotetan* 

cefmetazole 

Cefuroxime* 

axetil* 

Cefonicid 

Locarabef 

cefprozil 

Cefoperazone 

Cefotaxime* 

Ceftriaxone* 

Ceftazidime* 

cefixime 

Cefepime* 



4. Individual Cephalosporins 

• - There are many. These are representative examples. 

• a. First generation cephalosporins; 
• Cocci g+,E coli, klebsiella pneumonia, proteous. 

• i. Cephalothin and Cefazolin - administered 
parenterally. 

• ii. Cephalexin and Cephadroxil , 
Cephradine (can also be injected) - Orally 
effective cephalosporins 



• b. Second generation cephalosporins - 

improved activity against H. influenzae, 

B. fragilis and gm(-) bacilli. 

• i. Cefaclor - orally effective 

• ii. Cefuroxime (cross BBB)- parenteral 

drug useful in serious pediatric 

infections and serious ENT 

infections. 

• Iii. Cefotetan, 

cefoxitin,cefmetazol active 

against bacteroid fragilis and some 

serathia sp,(anaerobes). 

 



• Third generation cephalosporins have 
increased activity against gm(-) bacilli, good 
activity against streptococci, but reduced 
activity against staphylococci. 

 

• Very resistant to -lactamase. Some third 
generation drugs have activity against gm(-) 
bacilli approaching the aminoglycosides.  

 

• This is important because the cephalosporins 
are much less toxic than aminoglycosides. 
Cefotaxime and Ceftriaxone (both cross BBB; 

treatment of meningitis) are increasingly being 
recommended as drugs of choice for several 
gm(-) infections (eg. Enterobacter, N. 
gonorrhoeae, H. influenzae, indole-positive 
Proteus). 



Selected examples include: 

 

• i. Moxalactam - serious bleeding 

disorders limit the use of this agent. 

• ii. Cefoperazone and Ceftazidime - 

active vs Pseudomonas 

• iii. Cefotaxime or Ceftizoxime - 

used against serious nosocomial 

infections. 

• iv. Ceftriaxone - very long acting 

agent; treatment of penicillin-

resistant gonorrhea. 



• d.Fourth generation – 

 

•  highly resistant to  -lactamases 

• i. Cefepime, good activity against p. 

aeroginosa, enterobacter, s. aureus, s. 

pneumoniae  

• Cefpirome 



C. OTHER  -LACTAM DRUGS 

• 1. CARBAPENES;  

• ERTAPENEM, IMIPENEM, 
MEROPENEM 
 

• 2. MONOBACTAMS; AZTREONAM 
 

• 3.BETA-LACTAMASE INHIBITORS; 

• CLAVELANIC ACID, 
SULBACTAM, TAZOBACTAM 
 



1. IMIPENEM-CILASTATIN (PRIMAXIN) 

 
• a. Mechanism of action - Imipenem 

is a semisynthetic carbapenem.  It 
interferes with synthesis of the 
bacterial cell wall and is extremely 
resistant to -lactamases. 

• It binds to PBP-2 causing lysis of 
gm(-) species;  

• binds to several PBP's in gm(+) 
species.  

 



b. Antimicrobial Spectrum 

• There are few known species of bacteria 

that can degrade imipenem.  

 

• Very broad spectrum including gm(+) 

cocci, gm(-) cocci, Enterobacteriaceae, 

Pseudomonas and anaerobes including 

Bacteroides. 



2. AZTREONAM 

• a. Mechanism of action - Aztreonam is a 
synthetic -lactam in the monobactam 
family. 

•  It inhibits cell wall synthesis and is highly 
resistant to -lactamases. 

 

• Aztreonam binds to PBP-3 in Entero-
bacteriaceae. 



• b. Spectrum of activity is narrow (the 

same as gentamicine.  

 

• Very active against aerobic gm(-) 

bacteria (ie. Most Enterobacteriaceae, 

Haemophilus and Neisseria).  

• Inactive against gm(+) species and 

anaerobes. 

 

• Penicillin-allergic patients tolerate 

aztreonam without reaction. 



BETA-LACTAMASE 

INHIBITORS; 

• Resemble beta-lactam molecules, but 

have very weak antibacterial action. 

 

• Inhibit not all beta-lactamase, mainly 

classA such as those produced by staph,     

H influenzae, N gonnorrhaea, salmonella, 

shigella, E coli, K pneumoniae. 



DRUGS THAT INHIBIT CELL 

WALL SYNTHESIS: non-

betalactam 

• 1. FOSFOMYCINE 

• 2. CYCLOSERINE 

• 3. VANCOMYCIN 

• 4. BACITRACIN 



1. Fosfomycine 

• a. Inhibits the first stage of cell wall 

synthesis, formation of UDP-

acetylmuramyl- pentapeptide precursor. 

• g+/-, oral and parenetral 

• 3 gr single dose; lower UTI 

• Seemed to be safe in pregnancy 



2. CYCLOSERINE 

 

• Blocks synthesis of d-alanine from l-

alanine by acting as a suicide inhibitor of 

alanine racemase. 

• b. g+/- ,Sometimes used as a second line 

agent to treat tuberculosis 

• Adverse effect; dose-dependent CNS 

toxicity 



3.VANCOMYCIN 

 

• a. Inhibits cell wall synthesis by preventing 
polymerization of the linear peptidoglycan. 

• b. Narrow spectrum of activity - active 
against Staphylococcus, Streptococcus and 
Clostridium sp. 

• c. Ototoxicity is the principal adverse 
reaction. 

• d. A very important drug for treating 
methicillin-resistant staphylococcus 
infections, and it is an alternate drug for 
treating superinfection by Clostridium 
difficile in patients with pseudomembranous 
colitis 



4. BACITRACIN 

 

• a. A mixture of polypeptide 
antibiotics that inhibits stage II of cell 
wall synthesis. 

• Dephosphorylation of the lipid carrier 
molecule is blocked. 

• b. Effective against the common skin 
pathogens such as staphylococci 
and streptococci, but is 
nephrotoxic.  

• Restricted to topical use. 

• Highly nephrotoxic in parenteral use. 
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DAPTOMYCIN 

• cyclic lipopeptide  

• Streptomyces roseosporus  

• Its spectrum of activity is similar to that of 

vancomycin except that it is more rapidly 

bactericidal in vitro and it is active against 

vancomycin-resistant strains of 

enterococci and vancomycin-intermediate 

and -resistant strains of S aureus 

• bind to and depolarize the cell membrane, 

causing potassium efflux and rapid cell 

death 



INHIBITORS OF BACTERIAL 
PROTEIN SYNTHESIS 



D. CHLORAMPHENICOL 

• 1. Structure and mechanism of 

Action 

• a. Chloramphenicol is a natural 

product of Streptomyces that inhibits 

protein synthesis by binding to the 

50S subunit of the bacterial 

ribosome and inhibit peptidyle 

transferase.  

• This distorts the ribosome so that the 

peptide bond does not form.  
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• It is bacteriostatic against aerobic and 

anaerobic g+/_ bacteria. 

• Bactericide against H. influenzae, Nisseria 

meningitis, and som Bacteroids.  

 

• Resistance! Production of 

chloramphenicol Acetyl transferase that 

inactivate the drug. 



• b. Chloramphenicol is a potent broad 

spectrum drug that is effective against a 

number of bacterial infections that are 

difficult to treat (Rickettsia, but not 

Chlamydia, H. influenzae and Salmonella 

typhi). 



C. TETRACYCLINES 

• 1. Structure and mechanism of 
Action 

• a. Tetracyclines are natural products 
of fungi of the genus Streptomyces.  

• These drugs bind reversibly to the 
30S ribosome and inhibit protein 
synthesis by preventing binding of 
the aminoacyl tRNA to the A site on 
the 50S ribosome.  

• Tetracyclines will also inhibit protein 
synthesis in eukaryotic cells. 





• b. The drug is selective for bacteria because 

it does not enter human cells as easily as it 

enters bacterial cells.  

• Bacteria have an active transport system that 

takes up the drug. (and diffusion)  

• Resistance is due to reduced transport of the 

drug or efflux the drug outside (most common) 

or degrade the drug enzymatically. 



• c. Broad spectrum - effective against 

gram (+) and gram (-) bacteria, 

anaerobics, riketsia, chlamidia, 

mycoplasma as well as the malarial 

parasites (Plasmodium sp.) and 

Entamoeba hystolytica which are 

protozoa. 



• Tetracycline,  

• chlortetracycline  

• oxytetracycline. 

• Demeclocycline,  

• metacycline. 

• Doxycycline  

•  minocycline 



Tigecycline 

• IV 

• No common bacterial resistance to 

tetracyclines reported, 

• Very good activity against g+/g- and 

anaeronics 

• Major adverse effect is N/V. 



A. AMINOGLYCOSIDE 

ANTIBIOTICS 



• Streptomycin (the first) 

• Neomycin (oral) 

• Kanamycin (oral) 

• Amikacin* 

• Gentamicin* 

• Tubramycin* 

• Cizomycin 

• Netilmicin 

 





• a. Aminoglycosides inhibit protein synthesis 
in bacterial cells (irreversible).  

• Streptomycin binds to the 30S subunit of 
bacterial ribosome, and the other agents bind 
to both the 30S and 50S subunits.  

• Streptomycin prevents initiation of protein 
synthesis .  



• b. Aminoglycosides are usually 

bactericidal, probably because they inhibit 

multiple cellular functions in addition to 

protein synthesis.  

• c. Antimicrobial spectrum - most effective 

in aerobic conditions against gram (-) 

rods and staphylococci. 



4. Individual Aminoglycosides 

 
• a. Streptomycin 

• i. First aminoglycoside to be used 
clinically. It is used infrequently now 
because more potent, less toxic 
aminoglycosides have been 
developed. 

• ii. Streptomycin is a second line agent 
in treatment of tuberculosis and 
sometimes in treatment of 
enterococcal endocarditis (in 
combination with penicillin G or 
ampicillin).  

• Also used for some unusual infections 
such as tularemia and brucellosis. 



b. Gentamicin, Netilmicin, 

Diberkacin, and Tobramycin 

• i. the most commonly used 
aminoglycosides.  

• active against many gram(-) 
organisms including Pseudomonas. 
Staphylococci are also sensitive. 

• ii. in combination with carbenicillin, 
ticarcillin or a cephalosporin for 
initial treatment of undefined sepsis, 
and in treatment of enterococcal 
endocarditis. 

• iii. Also used to treat pneumonia, 
and bone and joint infections. 



• c. Amikacin 
• Spectrum; broadest in this group  

• i. A chemical modification of kanamycin that is not 
degraded by most bacterial enzymes that degrade 
the other aminoglycosides. 

• ii. It should be reserved for treatment of resistant 
species. 



• d. Neomycin 
• i. Used topically because of serious toxicity if given 

systemically. 

• ii. Effective against infections of the skin by 
Staphylococcus aureus. 

• iii. Prolonged topical use should be avoided because 
the drug may cause contact dermatitis, and more 
importantly allergic sensitization can occur. 

• There is also cross-sensitization to other 
aminoglycosides. 



• e. Paromomycin  

• an aminoglycoside used to treat 

cestodiasis and intestinal amebiasis. 



Netilmicin,Netromycine 

• The latest of AG marketed 

• Kinetics; like gentamicin, 

• Like amikacin, not metabolized by 

bacterial enzymes 

• Thus, effective against certain genta-

resistant pathogens, except entrococci. 



Spectinomycin 

• Related to AG s   structurally but no 

glycoside bond. 

• Alternative for penicillin in gonorrhea , 

single dose 2g. 

• Pain at site of injection, fever, Nausea. 



F. MACROLIDES 

• ERYTHROMYCIN  

 

• CLARITHROMYCIN 

  

• AZITHROMYCIN 



• 1. Structure and mechanism of Action 

 

• a. Erythromycin inhibits bacterial protein synthesis by 

binding to the 50S subunit of the ribosome.  

 

• Erythromycin binding prevents translocation 

of aminoacyle. 



• similar to penicillin G.  

• effective against many gm(+) 

organisms (pnum., staph., strep.) and some 

gm(-) organisms (nisseria, bordetella), and 

riketsia, troponema, chlamidia, 

micoplasma, legionella, helicobacter, 

listeria but is rarely effective against 

gm(-) enteric organisms. 

• Bacteriostatic but at higher 

concentrations and on some micro-

organism shows bactericidal effect. 





Clarithromycin 

• Better stability in acid and better 

absorption. 

• Spectrum; the same as 

erythromycin but more effective on 

Mycobacterium avium. 

• Effective against lepra and 

toxoplasma gundi. 



Azithromycin 

 
• more effective on H.,influenza, and 

chlamidia, less active against staph., 
strep. 

• Very good tissue penetration (t 1/2=2-
4 days). 

• Once daily and shorter period of 
treatment. 

• Community-aquiered pnumococcal, 
500mg first day, and 250mg /day for 
4 days. 

 



Ketolides; semisynthetic macrolids 

Telithromycine 

• In vitro effective against; s. pyogens, 
s. pnumonieae, s. aureous., H. 
influenza, legionella sp. 
Mycoplasma, chlamidia, moroxella, 
h. pilori, N. gnorrhea. B. fragilis. T. 
gondi, mycobacter (non-
tubercloides). 

• Better affinity to ribosoms, better 
tissue and eye penetration, less 
susceptible to efflux and resistance. 

 



 CLINDAMYCIN 

(chlorinated lincomycine) 

• 1. Mechanism of Action 

• a. Clindamycin inhibits protein 

synthesis by binding to the 50S 

subunit of the bacterial ribosome and  

act the same as erythromycine. 

• b. Narrow spectrum of activity; 

effective against several gm(+) 

species including staphylococci and 

streptococci. Anaerobes such as 

Bacteroides sp. And  g+/- anaerobics 

are also usually sensitive. 



H. MUPIROCIN 

• a. Mupirocin (pseudomonic acid) 

• inhibits bacterial protein synthesis. 

• The drug binds to isoleucyl-t-RNA 

synthetase and prevents incorporation of 

isoleucine into proteins. 



• b. Narrow spectrum of activity; effective 

against staph. and strep.  

• Very active against methicillin-resistant 

staphylococci. 



QUINUPRISTIN/DALFOPRISTIN 

(streptogramines B 30+A70) 

• b. Bind bacterial ribosomes and inhibit 
peptide elongation;  

• bactericidal effect for many oranisms.. 

• c. Relatively selective coverage of 
gram-positive aerobic bacteria. 

• 2. Clinical Uses – Treatment of 
vancomycin-resistant enterococcus 
(VRE) exp. E. faecalis that has intrinsic 
resistance. 

 



LINEZOLID (synthetic)  

(Oxazolidinones 

• a. Oxazolidinone inhibitor of protein 
synthesis.  

• This is the first novel class of antibiotics 
developed in more than 20 years. 

• b. bind to 23s RNA in 50s Ribosom, Blocks 
formation of the initiation complex, and has a 
bacteriostatic effect (cidal on strep). 

• Effective on cocci and bacillus g+ aerobics,  

• 2. Clinical Uses – Treatment of vancomycin-
resistant enterococcus (VRE),  best to kept 
for g+resistant to other drugs and 
complicated hospital and communitaquiered 
pnumonia. 



 SULFONAMIDES AND 
OTHER SYNTHETIC 

ANTIMICROBIAL DRUGS 



A. SULFONAMIDES 

• 1. History - first clinically successful 

antibacterial drug was a dye containing 

sulfanilamide as part of its structure - 

Prontosil, 1935. 

 

• Soluble in alkaline pH, and as Na salt for iv 

injection. 





PABA+ Peteridine 

 DHPS  

Dihydropetroic acid 

Glutamate 

 Dihydrofolic acid 

DHFR 

Tetrahydrofolic acid 

 

FAH4 cofactors 

Thymidine          Purine DNA 

DNA,RNA 

Proteins 

SULFUN 

TMP 

Methionine 



Resistance   

• More PABA production 

• DHPS with low affinity to Sulfun (plasmid 

mediated) 

• Decrease drug infusion 

 



Antibacterial spectrum 

• G+/_ bacteria, Nocardia, chlamidia, E coli, 

klebsiella, shigella, salmonella, enterobacter,  

• But stimulate growth of riketsia!  



SULFONAMIDES divided on 3 

categories based on their 

administrations 

• 1. Oral, good absorption (sulfisoxazole, 

sulfadiazine, sulfametoxazole, 

sulfapyridine, sulfadoxine). 

• 2. Oral, no absorption (sulfasalazine) 

• 3. Topical use 

 

• Na salt of S. can be used  iv in 

D/W5%, but rarely used, exp. 

Tmp/smx 



5. Some commonly used 

sulfonamides: 

• a. Sulfadiazine;  

• good level in CSF  
 

• used in combination with 

pyrimethamine (DHFRI in protozoa) = 

drug of choice for acute toxoplasmosis  



• b. Sulfisoxazole - very good urine 

solubility 

• c. Sulfamethoxazole –  

• used in a fixed-dose combination with 

trimethoprim. 

 

• Both drug (b,c) used in UTI 
 



• d. Sulfadoxine  
• very long acting, combined with a 

dihydrofolate reductase inhibitor 

(pyrimethamine) in the formulation called 

Fansidar , which is used to treat malaria 

(second line). 

 



• e.Sulfasalazine (sulfapyridine+Salicylic 

acid); 

 

• Orally but not absorbed (as a drug carrier). 

• Used in ulcerative colitis, enteritis. 



Topical sulfonamides 

• Sulfacetamide: bacterial conjuctivitie and 

chlamidia trachomatis 

 

• Mefenide acetate:  

• carbonic anhydrase inhibitor used in 

burning but causes metabolic 

acidosis. 

 

• Silver sulfadiazine: less toxic 



TRIMETHOPRIM 

• DHFRIs in bacteria 50000* than human. 

 

• Resistance to TMP:  

• less penetration,  

• more DHFR production in bacteria 

(common) 

• Changes in DHFR so less affinity to 

drug 



TRIMETHOPRIM - 

SULFAMETHOXAZOLE  

TMP-SMX (1/5), 

Septra. 

 Bactrim 

 



 QUINOLONES 

• norfloxacin................................ Noroxin  

• ciprofloxacin............................. Cipro  

• enoxacin....................................Penetrex  
 

• ofloxacin....................................Floxin  

• levofloxacin...............................Levaquin  

• moxifloxacin..............................Avalox 

• grepafloxacin.............................Raxar 
(withdrawn due to CV toxicity)  

• pefloxacin  

 



• Fluorinated synthetic analog of nalidixic 
acid.  

 

• They are bactericidal and good systemic 

antibacterial effects.  
 

• Inhibition of topoisomerase II, IV. 
• II= gyrase;  

• DNA gyrase inhibition=inhibition of 
cleavage of DNA ring 

• IV inhibition= inhibition of chromosomal separation 

 



Antibacterial spectrum 

• 1.Norfloxacin; the least effective FQ on g-/+ 

 

• 2.Ciprofloxacin (more effective on g-; P. 

aeroginosa), 

enoxacin,lomefloxacin,levofloxacin 

(more effective on g+), ofloxacin, pfloxacin; 

generally very good on g-/good on g+. 

 

• 3.Gatifloxacin, moxyfloxacin, 

terofloxacin, sparfloxacin; more 

effective on g+ 

 



Resistance 

 

• Mutation in target enzyme  so less affected 
by Quinolons. 

 

• E. coli resistance to Q.= first DNA 
Gyrase changes that is the first 
target for Q. , second 
Topoisomerase IV change 
 

• Staph , strep the first target is Topo. IV. 

 

 



Clinical usage 

• UTI (even on multi-drug resistance 

organism). 

• Shigella, salmonella, E coli, 

campilobacter 

• Soft tissue infections, joint, bone, 

respiratory system even cause by 

pseudomonas and enterobacter 

• Sometimes use in TB and other 

atypical Mycobacter infections.   



• NALIDIXIC ACID - older agent with 

same mechanism of action as 

ciprofloxacin. 

• Activity against gm(-) rods is good. 

Clinical use is primarily for treating 

urinary tract infection due to gm(-) 

rods. 

• 3. Norfloxacin - used primarily to treat 

urinary tract infections. 

• 4. Ofloxacin -very similar to 

ciprofloxacin. 



C. NITROFURANTOIN 

• 1. Mechanism of action 

• a. The parent molecule is reduced by bacterial 
reductases at the 5-nitro position forming a toxic 
product.  

• b. The drug is selective because it is rapidly excreted 
into the urine, and the drug remaining in the plasma 
is rapidly broken down. 



• E. METHENAMINE MANDELATE 
• 1. Mechanism of action 

• a. Formaldehyde liberated in acidic urine by 

degradation of methenamine denatures protein. 

• b. Broad spectrum, bactericidal agent. 

• 2. Clinical use - treatment of urinary tract infection, 

particularly by E. coli. 


