Chemotherapy

· ANTIBIOTICS:
 They are chemical substances produced by micro-organisms and have the capacity to inhibit or destroy other organisms.

· CHEMOTHERAPEUTIC AGENTS:

  They are synthetic chemical substances used to inhibit or   destroy micro-organisms.

· CLASSIFICATION OF ANTIBIOTICS ACCORDING TO THEIR MECHANISM OF ACTION:

1- Inhibition of cell wall synthesis

2- Inhibition of protein synthesis

3- Inhibition of nucleic acid synthesis

4- Inhibition of cell membrane function

· CLASSIFICATION OF ANTIBIOTICS ACCORDING TO THEIR SPECTRUM:

1- Narrow-spectrum (Penicillin, Aminoglycosides)

2- Broad-spectrum (Tetracycline, Chloramphenicol)

3- Extended-spectrum antibiotics

· REASONS FOR FAILURE OF CHEMOTHERAPY:
1- Wrong diagnosis

2- Wrong choice of drug

3- Wrong dose

4- Development of resistance

5- Infection with more than one organism

6- Presence of pus, blood, or necrotic tissue

· HOST FACTORS IN SELECTION OF ANTIMICROBIAL THERAPY:

1- Allergy or history of adverse reactions

2- Age

3- Pregnancy/Lactation

4- Genetic or metabolic abnormalities

5- Renal and hepatic functions

6- Site of infection

7- Poor perfusion

8- Immune system

9- Cost therapy

· BACTERIAL RESISTANCE:

1- Inactivation of antibiotics by enzymes

2- Modification of target by mutation

3- Impaired penetration of drug to target occurs only in gram –ve species

4- The presence of an efflux pump produced by gram –ve organisms

· ROUTE OF ADMINISTRATION:

1- Oral

2- Parenteral

3- Local

· ANTIMICROBIAL COMBINATION:

1- Synergism (Sequential synergism)

2- Inhibition of enzymatic activity

3- Enhancement of antimicrobial uptake

4- Antagonism

· AIM OF CHEMOTHERAPEUTIC COMBINATION:

1- Reduce the doses

2- Reduce the side effects

3- Broaden the spectrum of antibacterial activity

4- Overcome drug resistance

5- Produce a more potent compound

6- Treatment of severe infection of unknown etiology as in septicemia

· DRUG INTERACTIONS WITH ANTIBIOTICS:
1- Aminoglycosides:

a. increase the effects of curare

b. increase the nephrotoxicity and ototoxicity of loop diuretics

2- Enzyme inhibitors

3- Enzyme inducers

	Sulfamethoxazole + Trimethoprim = bacteriocidal effect


	Sulfonamides displace oral hypoglycemics from their plasma protein binding sites causing hypoglycemia.


· COMPLICATIONS OF ANTIBIOTICS:
1- Hypersensitivity

2- Direct toxicity

3- Superinfections due to their effect on normal flora

Sulfonamides

· MECHANISM OF ACTION:

  They competitively inhibit dihydropteroate synthase enzyme which is essential to transform PABA to dihydrofolic acid –an essential step in the production of purines and nucleic acids. They also inhibit bacterial growth by inhibiting folic acid synthesis.

· ANTIBACTERIAL ACTIVITY:

1- Gram +ve & Gram –ve bacteria

2- Nocardia, Chlamydia, and some protozoa

· PHARMACOKINETICS:
1- Oral absorbable:

a. short-acting (sulfisoxazole has a half-life of 3-4 hours)

b. intermediate (sulfadiazine & sulfamethoxazole have a half-life of 10-12 hours)

c. long-acting (sulfadoxine can be used in the treatment of some protozoal diseases such as malaria)

	They are absorbed from the stomach and the intestine. They are also widely distributed, and they can cross the blood brain barrier and the placenta.


2- Oral non-absorbable:

· Sulfasalazine is metabolized in the liver to inactive metabolites and excreted through the kidneys.
· The rate of excretion increases in the presence of alkaline urine. 

3- Topical: 

	Drug
	Uses

	Sulfacetamide
	Eye infections

	Mafenidic Acid
	Burn wounds

	Silver Sulfadiazine
	Burn wounds


· THERAPEUTIC USES:

1- Urinary tract infections
2- Upper respiratory tract infections

3- Nocardiosis

4- Pneumocystic carinii pneumonia

5- Sulfasalazine is used for inflammatory bowel disease

6- Sulfacetamide is used for conjunctivitis

7- Mafenidic acid and silver sulfadiazine are used in burn wound infections

· ADVERSE EFFECTS:

1- Hypersensitivity reactions

2- Nausea, vomiting, diarrhea

3- Crystalluria, hematuria, renal obstruction (stone formation)

4- Allergic nephritis

5- Hemolytic anemia, aplastic anemia, thrombocytopenia

6- Kernicterus in newborns

	Nephrotoxicity can be avoided by drinking large amounts of fluids –particularly water. Sodium bicarbonate is strongly recommended in cases of toxicity (because the rate of excretion increases in the presence of alkaline urine).


	Sulfonamides shouldn’t be prescribed for patients with G6PD deficiency because they might cause anemia.


Trimethoprim-Sulfamethoxazole Combination (Co-Trimoxazole)
· MECHANISM OF ACTION:

1- Sequential blocking of purine synthesis (synergism)

2- Trimethoprim inhibits dihydrofolate reductase enzyme which leads to the inhibition of tetrahydrofolic acid synthesis –an essential step in purine synthesis.

3- The combination results in bacteriocidal activity.

· CLINICAL USES:

1- Acute urinary tract infections

2- Complicated urinary tract infections

3- Recurrent urinary tract infections

4- Upper respiratory tract infections

5- Pneumocystis carinii pneumonia

6- E.coli infections

7- Shigellosis 

8- Salmonella infection (Typhoid fever) caused by ampicillin- or chloramphenicol-resistant organisms

9- Prostatitis

10- Community-acquired bacterial pneumonia

· ADVERSE EFFECTS:
1- Megaloblastic anemia

2- Leukopenia

3- Granulocytopenia

	These side effects can be prevented by the administration of folic acid.

	All these side effects are associated with sulfonamides.


Inhibitors of Cell Wall Synthesis (-Lactam Antibiotics)
1- Penicillins

2- Cephalosporins

3- Carbapenems (Imipenems)

4- Monobactams

1- Penicillins

· CLASSIFICATION:

a. Narrow-spectrum

b. Antistaphylococcal

c. Broad-spectrum

d. Extended-spectrum

· MECHANISM OF ACTION:

Like all -Lactam antibiotics, they inhibit the synthesis of bacterial cell wall through the inhibition of transpeptidase activity. They have a bacteriocidal effect against actively growing bacteria.

· PHARMACOKINETICS:

Their absorption depends on the acid stability.

	Absorption of most penicillins is impaired by food EXCEPT Amoxicillin.


· METABOLISM & EXCRETION:

a. Not metabolized

b. Excreted unchanged in urine

c. Probenecid blocks their secretion

d. Nafcillin is mainly cleared by the biliary route

e. Oxacillin is excreted by both kidneys and biliary route

· DISTRIBUTION:

a. Relatively insoluble in lipids

b. Poor  penetration into cells and blood brain barrier

c. Inflammation permits entry to CNS
d. Protein binding capacity varies from 20-90%

a. Narrow-Spectrum Penicillins

· PENICILLIN G:
· Short duration of action

· Acid unstable (could not be taken orally)

· Penicillinase sensitivity

· Used in the treatment of enterococcal endocarditis in combination with aminoglycosides

· Used in the prevention of gonorrheal ophthalmia in newborns

· PROCAINE PENICILLIN:

· Long-acting (every 12 hours)

· Acid unstable

· Penicillinase sensitive

· Used to prevent subacute bacterial endocarditis due to dental extraction or tonsillectomy in patients with congenital or acquired valve disease

· BENZATHINE PENICILLIN:

· Long-acting (every 3-4 weeks)

· Acid unstable

· Penicillinase sensitive

· Treatment of -hemolytic streptococcal pharyngitis
· Prophylaxis against reinfection with -hemolytic streptococci to prevent rheumatic fever
· Once a week for 1-3 weeks for the treatment of syphilis (2.4 million units IM)
· PHENOXYMETHYL PENICILLIN (PV):

· Less effective than PG

· Acid stable

· Penicillinase sensitive

· Short-acting

· Used in the treatment of minor infections

b. Penicillinase Resistant to Staphylococcal -Lactamase Producers
	Methicillin
	Acid unstable

	Nafcillin
	Its absorption is erratic

	Oxacillin, Cloxacillin, Dicloxacillin
	Acid stable

	They are used in minor and severe staphylococcal infections.


c. Broad & Extended-Spectrum Penicillins
	Aminopenicillins
	Carboxypenicillins
	Ureidopenicillins

	Broad-spectrum
	Extended-spectrum
	Extended-spectrum


· AMINOPENICILLINS:

	Ampicillin - Amoxicillin


· Therapeutic Uses:
1- H.influenza infections

2- E.coli infections

3- Salmonella and shigella (ampicillin only)

4- Prophylaxis against infective endocarditis

5- Urinary tract infections

6- Effective against penicillin-resistant pneumococci

· CARBOXYPENICILLINS (TICARCILLIN) & UREIDOPENICILLINS (PIPERACILLIN):

· Effective against pseudomonas aeruginosa and enterobacter

· Penicillinase sensitive

· Broad or extended-spectrum antibiotics can be given in combination with -lactamase inhibitors as clavulanic acid, sulbactam, or tazobactam
	Amoxacillin + Clavulanic acid = Augmentin


· Adverse Effects:
1- Hypersensitivity reactions
2- High dose in renal failure may cause seizures

3- Nafcillin can cause neutropenia

4- Oxacillin can cause hepatitis

5- Methicillin can cause nephritis

6- Broad-spectrum penicillins can cause pseudomembraneous colitis

7- Secondary infections

· PROBLEMS RELATED TO THE USE AND MISUSE OF PENICILLINS:

1- 90% of staphylococcal strains both in hospitals or community are -lactamase producers.

2- New generations of micro-organisms such as H.influenza, N.gonorrhea, or pneumococci are resistant to penicillin.
3- Broad-spectrum penicillins eradicate normal flora causing super infections.
2-Cephalosporins

· FIRST-GENERATION CEPHALOSPORINS:
	Cefazolin – Cephalexin - Cephradin


· Effective against Gram +ve cocci
· They are given orally EXCEPT cefazolin is given intravenously or intramuscularly.

· Excretion mainly occurs through the kidneys.

· Probenecid blocks their tubular secretion and increases their plasma levels.

· THEY CANNOT CROSS THE BLOOD BRAIN BARRIER.

· Clinical Uses:
a. Urinary tract infections

b. Minor staphylococcal infections or minor polymicrobial infections (cellulitis, soft tissue abscess)

c. Cefazolin is the drug of choice for surgical prophylaxis. It can also be used as an alternative to antistaphylococcal penicillin in allergic patients.

· SECOND-GENERATION CEPHALOSPORINS:
	Cefaclor – Cefamandole – Cefonicid - Cefuroxime


· Less effective against Gram +ve bacteria than first generation

· They have extended Gram –ve effect

· They have NO effect on P.aeruginosa or enterococci.

· Pharmacokinetics:
a. They are given orally or parenterally.
b. They CANNOT cross the blood brain barrier.

c. They are excreted through the kidneys.

d. Cefonicid highly binds to proteins which might result in failure of treatment.

e. Cefuroxime CAN cross the blood brain barrier, but it is NOT effective clinically.

· Clinical Uses:
a. -lactamase-producing H.influenza

b. Mixed anaerobic infections such as peritonitis

c. Community-acquired pneumonia

· THIRD-GENERATION CEPHALOSPORINS:

	Cefoperazone – Cefixime - Ceftriaxone


· They have extended Gram –ve spectrum.

· Some of them have an effect against P.aeruginosa (ceftazidime & cefoperazone).

· They have NO effect against E.coli.

· Pharmacokinetics:

a. The main route of administration is IV.

b. Cefixime can be given orally.

c. Ceftriaxone has a long half-life (7-8 hours). It can be given once every 24 hours.

d. They can cross the blood brain barrier.
e. They are excreted through the kidneys.

f. Ceftriaxone and Cefoperazone are excreted through the biliary route.

· Clinical Uses:
a. Serious Infections

b. Cefixime and ceftriaxone are the first line in the treatment of gonorrhea.

c. Meningitis

d. P.aeruginosa infections

e. Ceftriaxone and cefotaxime are the most active against penicillin-resistant pneumococci.

f. Febrile immunocompromised patients

· FOURTH-GENERATION CEPHALOSPORINS:

	Cefepime


· More resistant to hydrolysis by -lactamase
· Active against P.aeruginosa and E.coli

· It has the same clinical uses as 3rd generation.

· ADVERSE EFFECTS OF CEPHALOSPORINS:

a. Allergy

b. Thrombophlebitis

c. Interstitial nephritis and tubular necrosis mainly with cephaloridine

d. Cephalosporins that contain methylthiotetrazole group such as cefamandole, cefoperazone can cause hypoprothrombinemia and bleeding disorders

e. Vitamin K should be given twice weekly to prevent this bleeding disorder.

f. Methylthiotetrazole ring causes severe disulfiram-like reaction (alcohol or alcohol medication should be avoided)

g. Superinfections

h. Diarrhea

3- Carbapenems

	Imipenem


· It has a bacteriocidal effect because it inhibits bacterial cell wall synthesis.

· It has a wide spectrum of activity.

· It’s resistant to most -lactamases EXCEPT metallo-lactamase.
· Pharmacokinetics:
a. not absorbed orally; taken by intravenous infusion

b. Inactivated by dehydropeptidases in renal tubules, so it’s given with an inhibitor cilastatin  for clinical uses

c. It penetrates the body tissues and fluids including the cerebrospinal fluid.

· Clinical Uses:
a. Mixed aerobic and anaerobic infections

b. Carbapenem is the -lactam of choice for the treatment of enterobacter infections.
c. Pseudomonal infections
d. Intra-abdominal infections

e. Febrile neutropenic patients

f. Septicemia

· Meropenem:
a. It’s similar to imipenem, but it’s highly active against Gram –ve aerobes.

b. It’s not degraded by renal dehydropeptidase.

· Adverse Effects:
a. Nausea, vomiting, diarrhea

b. Skin rashes and reaction at the site of infusion

c. High doses in patients with renal failure may lead to seizures

d. Patients allergic to penicillins may be allergic to carbapenems.

4- Monobactams

	Aztronam


· It’s active only against Gram –ve aerobic bacteria.

· It’s given intravenously.

· It’s similar to -lactam in the mechanism of action.
· Penicillin-allergic patients tolerate aztronam without reactions.
· Skin rashes and elevation of liver enzymes may occur.
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