Autumn 2004, Q4 – Antibacterial Agents

In choosing a course of antibacterial drugs for a patient, it is paramount that certain considerations first be made. Different antibiotics are effective against different bacteria, each agent carries with it different range of side-effects and as resistance becomes a bigger problem one must consider both the potential for failure of therapy in the face of resistance and the and the spread of resistance by imprudent and unrestrained prescribing.

First we will discuss the antimicrobial agents that interfere with folate synthesis. Folate is required for the production of both DNA and RNA in prokaryotes and eukayotes alike. However, where mammals obtain sufficient folate from their diet, bacteria are required to synthesise it de novo. Thus by interfering with this process can we inhibit bacterial growth and treat infections.

In the 1930’s, Damogk discovered that the dye Prostonil benefited the outcome of bacterial infections in seriously ill patients. This led to the discovery of the first group of drugs we are to discuss, the SULFONAMIDES.

Sulfonamide is an active metabolite of Prostonil and the group Sulfonamides includes such agents as Sulfadiazine, Sulfidimidine and Sulfasalazine. They are considered bacteriostatic, not bacteriocidal.

The Sulfonamides are structural analogues of p-Amino-Benzoic Acid (PABA) that is necessary for Folate production. They act by competitively inhibiting the action of PABA, thus reducing further bacterial growth. The presence of pus in purulent infections renders the Sulfonamides useless, however. The pus provides thymidine and purines through which the bacteria can bypass its requirement for folate in DNA and RNA synthesis.

The Sulfonamides are well absorbed when taken orally and are metabolised hepatically. Unwanted effects include nausea, mental depression and mild methaemoglobinaemia. More serious side-effects include hepatitis, hypersensitivity reactions and bone-marrow depression. 

Trimethoprim is a bacteriostatic agent that interferes with the activity of Dihyrofolate Reductase, thus inhibiting a later stage of folate synthesis. It can be used in synergy with the Sulfonamides. 

In 1928, a fortuitous discovery by Alexander Fleming wrote his name into the history books and led to the discovery of the group of drugs we are to discuss next – the Penicillins. 

The penicillins all share a common structural ring- the Beta- Lactam ring. Beta-lactam competitively inhibits the transpeptidase enzyme, otherwise known as the penicillin binding protein. The transpeptidase enzyme cross-links disaccharide units with amino acids in the peptidoglycans of the bacterial cell wall. Penicillins also have the capacity to inactivate an inhibitor of autolytic enzymes inside the cell wall, leading to lysis of the bacterium. 

Resistance to Beta-Lactam antibiotics is a serious issue, however. Gram-negative organisms change the porins in their outer cell wall, inhibiting entry of the drug. Some bacteria produce a penicillinase that inactivates the drug; gram-positives secrete it while gram negatives contain it in their periplasmic space. MRSA has been found to have an altered Transpeptidase enzyme.

There exist many families of penicillin, each with different properties. For the sake of clarity the Cephalosporins will be included here because of their having a beta-lactam ring, though technically not a penicillin. 

Benzylpenicillin can be given orally or parenterally. Many bugs are resistant however, but it is still used in Strepp. Pnumoniae, Gonococcal, Meningococcal and anthrax infections. 

Phenoxymethylpenicillin can be used prophylactically against Strepp. Pharyngitis after Strepp. Pyogenes infection. 

The aminopenicillins are Ampicillin and Amoxicillin. They have a broader spectrum that Benzylpenicillin against the gram negatives. 

Penicillinase-resistant penicillins, Methacillin, Nafcillin and Oxacillin are usually given IV. They have significant action against gram-positives, especially Staph Aureus.

The anti-pseudomonal penicillins act against gram positives as well as Bacteroides Fragilis and Ps. Aeruginosa. They are Ticacillin, Piperacilllin and Carbenicillin. 

The Cephalosporins are more resistant to the actions of Penicillinases. MRSA however is resistant to this family of drugs. 1st generation drugs (cephalothin) are highly active against gram positive bugs whereas the 3rd generation drugs (Cephtriaxone) act strongly against Gram negatives. 2nd generation (Cefoxitin) have an equal effect on both, but not to the same extent as the 1st and 3rd. They are all active against Streptococci.

Imepenim is a beta-lactam antibiotic with the broadest antibacterial activity known to man. It is active against gram positives, negatives and anaerobes. The kidney produces an enzyme that hydrolyses imipenim- dihydropeptidase. Cilastin inactivate this enzyme and is given with Imipenim. 

Lastly, Aztronam is a monobactam active against Gram-negative bacteria. It kills tough bacteria such as Pseudomonas aeruginosa.

Antiribosomal antibiotics inhibit bacterial ribosomes, which are 70S, sparing eukayotic ribosomes, which are 80S. These agents are divided by which subunit of the ribosome they inhibit. Chloramphenicol, Clindamycin, Linezolid and Erythromycin iinhibit the 50S subunit while Tetracylclines and the Aminoglycosides inhibit the 30S subunit. 

Chloramphenicol is active against many gram negatives and positives, but its side-effect profile limits its use to unknown meningitis where allergic to penicillin and Rocky Mountain Spotted fever. 

It is given orally and widely distributed.

Cloramphenicol can cause Bone marrow depression, leading to an innocuous reversible anaemia or a fatal irreversible aplastic anaemia. It also causes Grey – Baby Syndrome, leading to vasomotor collapse, abdominal distension and cyanosis in the newborn. 

Clindamycin is useful against many gram positives and anaerobes. It is particularly useful in penetrating injuries to the abdomen. It is linked, however to pseudomembranous Colitis caused by Clostridium Difficile.

Linezolid is active against many grom positives, and is of particular use in treating MRSA and VRE. It is orally or IV. Linezolid can cause some mild GI and CNS disturbances.

Erythromycin is active primarily against gram positives, and to a lesser extent against Mycobacteria and some gram negatives. It is used in community acquired pneumonia and Legionnaires disease. It can cause GI disturbances and Cholestatic Hepatitis. Azithromycin, Roxithromycin and Clarithromycin are newer additions to the Erythromycin family, Macrolides.

Tetracylcine and Doxycylcine are bacteriostatic. Like the Aminoglycosides they inhibit bacterial synthesis through interference with the 30S subunit of bacterial ribosomes. Tetracycline is used for treatment of Chlamydia, Mycoplasma, Acne and Rikettsia. It chelates with metal ions, eg in milk, and this reduces absorption significantly. Side-effects include GI upset, Phototoxicity, Renal and Hepatic. Teeth can become discoloured as the drug chelates with the calcium in bone and teeth.

The penetration of the Amonoglycosides is enhances by penicillins and inhibited by Chloramphenicol. The Aminoglycosides include Gentamycin, Streptomycin and Amikacin among others. They are effective against gram positive and gram-negative organisms and are widely used against gram negative enterics. Of note are the considerable side effects that accompany aminoglycoside toxicity. These include 8th nerve toxicity- vertigo and neural deafness- renal toxicity and in severe cases neuromuscular block leading to paralysis. 

Next we discuss the Flouroquinolones. These agents inhibit Topoisomerase II, a DNA gyrase. Hence they prevent microbial transcription and replication. They include the broad spectrum agents Ciprofloxacin, Levofloxacin and Ofloxacin, and the narrower spectrum agents used in UTIs, Nalidixic Acid and Cinoxacin. The broad- spectrum antibiotics are god against bothe gram positive and negative infections and of specific use against the enterobacci. 

The Flouroquinolones are administered orally and well absorbed. Their absorption is reduced, however by both Aluminium and Magnesium antacids. They are eliminated partly by hepatic metabolism by the Cytochrome p450 system and part renally. 

Side effects are mild and include GI and skin disorders. Of considerable importance is their interaction with other drugs metabolised by the p40 system. Indeed, Theophylline toxicity in asthmatics treated with a flouroquinolone is something clinicians should be aware of.

Vancomycin is an antimicrobial agent that inhibits synthesis of the peptidoglycan wall of bacteria. It is bacteriocidal. It is predominantly active against gram positives and is used against MRSA.

Vancomycin is not absorbed in the gut and so is of use in treating Clostridial infection in Pseudomembranous Colitis caused by such agents as penicillins. It is also used in multi-resistant staphylococcal infection and in severe staphylococcal infection where the patient is allergic to both penicillins and Cephalosporins. 

Vancomycin can cause non-immunological Histamine release known as Red Man Syndrome. It can also lead to fever, rash, ototoxicity and nephrotoxicity. 

Metronidozole is active against anaerobic bacteria. It is indicated in Clostridium Difficile infection of the bowel. 

Lastly we will discuss the antimicrobial agents indicated in the treatment of leprosy and tuberculosis. These are the Antimycobacterial Agents. 

Tuberculosis was the major killer disease for centuries. Only 40 years ago did treatments for the condition emerge. However today there is an emergence of multi-resistant strains of the mycobacterium and TB is making a comeback. 35 million deaths are expected in the next twenty years due to this bug and an ominous synergy has arisen between TB and HIV infection. 

The first line agents indicated in the treatment of TB are Isoniazid, Rifampicin, Pyrazinamide, Ethambutol and Streptomycin. In order to decrease the possibility of the emergence of resistant organisms, compound drug therapy is employed. To treat an active tuberculosis infection one should use either a 6-month regimen involving two months Rifampicin, Isoniazid and Pyrazinamide and four months Isoniazid and Rifampicin or a 9-month regimen of Rifampicin and Isoniazid.

Isoniazid inhibits production of Mycolic acids. It is readily absorbed in the GIT and penetrates well into caseous lesions. It can cause hepatotoxicity, rash, peripheral neuropathy and anaemia. 

Rifampicin inhibits DNA-dependent RNA polymerase in prokaryotes. It is administered orally and distributed throughout the tissues. Patients should be advised that it may tinge body fluids red. It is an inducer of the p450 system and so interacts with many other agents and can lead to hepatitis. 

Pyrazinamide is active only at acidic pH. After phagocytosis, the mycobacteria are contained in phagolysosomes, which have a low pH. Thus, Pyrazinamide can target the Mycobacteria relatively well. Its mechanism of action is poorly unde4rstood. 

Another antimycobacterial agent, Ethambutol, can cause ocular toxicity. 

Approximately 11 million people worldwide suffer from leprosy.  Sever cases are treated with Dapsone, Rifampicin and Clofazimine for a period of two years. Less severe cases, cases with few bacilli are treated with a 2-month regimen of Rifampicin and Dapsone. 

Dapsone is chemically related to the Sulfonamides and is structurally analogous th PABA (see above). It acts most likely by antagonism of folate synthesis.  It is administered orally and well absorbed. 

Clofazimine has an effect on Mycobacterial DNA, and is also anti-inflammatory so it aids in the inflammatory side effects experienced with Dapsone. It is administered orally, and can build up in the body.

Clofazimine is a dye, and ass such one of the major side effects is that the skin and urine can develop a red colour, while the lepromatous lesions become black. Dose related CNS disturbances also occur.

