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Chemotherapeutic Pharmacology 

Pharm-98A11 Briefly describe the pharmacological implications of the administration of a single dose 
of gentamicin during anaesthesia. 

1. Gentamicin is an aminoglycoside antibiotic, commonly used in the treatment of gram-negative 
infections. It has important pharmacodynamic and pharmacokinetic effects in the anaesthetic 
setting. 

Property Gentamicin 

Physiochemical 

Group Aminoglycoside 

Formulation  

Use Gram-negative infections 

Pharmacodynamic 

Mechanism Irreversible inhibition protein synthesis 
Binds to 30S unit ribosome inhibiting protein synthesis by misreading RNA and 
interference with protein formation 

Dose IV 4-6mg/kg daily dosing 

Toxicity Ototoxicity: deafness more common 
Nephrotoxicity: dose related 

Drug interactions Competes with ACh release from pre-synaptic terminals: prolongs neuromuscular 
blockade 
↑nephrotoxicity with methoxyflurane  

Pharmacokinetics 

Absorption  Low F, not given orally 

Distribution Low VD 0.2L/kg 
Protein binding 10% 
Widely distributed except eye, CNS 

Metabolism Not metabolised 

Excretion Renal excretion unchanged 
Dose reduction required in renal failures 
T1/2 = 2 hours 
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MAKE-UP: Write short notes on penicillins. 

1. Mechanism: antimicrobial agents produced by fungi which contain a thiazolidane ring attached 
to a beta-lactam ring. They are antibiotics which exert their action by inhibiting bacterial cell wall 
synthesis. The β-lactam ring attached to penicillin binding proteins (PBP) on the cell membrane 
of bacteria, and inhibit cross-linking of proteoglycan chains required for cell wall structure. This 
activates autolytic enzymes in the bacterial cell wall. As cell wall integrity is required for bacterial 
survival, penicillin are bactericidal. 
 

2. Resistance -  
β-lactamase: resistant bacteria (e.g. MRSA, staph aureus) produce β-lactamase. This is an 
enzyme which cleaves the β-lactam ring of penicillins and cephalosporins. Genes for this 
resistance are encoded on plasmids (cytoplasmic DNA) which can be transferred between 
bacteria through conjugation (direct transfer) or transduction (transfer via bacterial virus).  

a. Modification of PBPs: the bacteria develop modified PBP sites to which the penicillins 
cannot bind. This is the mechanism of MRSA resistance. 

b. Mechanisms to delay/impair penetration of drug – production of biofilms. Example is 
pseudomonas. 

c. Other mechanisms may include:  
i. reducing intracellular drug concentration through efflux pumps 

ii. development of alternative metabolic pathways 
iii. changing cell wall structure 
iv. upregulation of drug binding sites 

Methods to counter this included the introduction of semi-synthetic penicillins or other β-lactam 
antibiotics which were resistant to β-lactamase (methicillin, carbapenems, monobactams)  
 

3. Toxicity: 
a. Allergy: 

i. Skin: urticarial rash 
ii. GI: nausea, vomiting 

iii. Anaphylaxis: lip, throat swelling, asthma 
iv. Serum sickness: fever, joint ache 
v. Stevens-Johnson Syndrome 

b. CNS: headache, convulsions (toxicity) 
c. GI: N+V, cholestasis (flucloxacillin), pseudomembranous colitis 
d. Infection: oral and vaginal candidiasis 
e. Renal impairment 
f. Liver: impairment (flucloxacillin) 

 
4. Pharmacokinetics 

a. Absorption:  
i. Penicillin G (benzylpenicillin) – not absorbed orally, so given IM/IV 

ii. Penicillin V (phenoxymethylpenicillin) – 70% oral absorption. Weak acid, so 
absorbed better in stomach on no food (Acid-labile) 

b. Distribution: widely distributed to most body tissues, except eye/CNS/prostate 
c. Metabolism: liver metabolism (conjugation) 
d. Excretion: kidney 60% filtration, 10% secretion. T1/2 = 2 hours 
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MAKE-UP: Write short notes on cephalosporins. 

1. Classification: 
a. 1st generation: cephazolin, cephalexin, cephalothin (gram +ve) 

i. Good gram positive cover (staph, strep) 
ii. Some minor GN cover (E Coli) 

iii. No cover against GN aerobes (enterobacter) 
b. 2nd generation: cefaclor (gram +ve, anaerobic), cefuroxime 

i. Good GP cover 
ii. Better GN cover 

iii. Some anaerobic cover 
c. 3rd generation: ceftriaxone, ceftazidime,cefotaxime (gram –ve > gram +ve) 

i. Less GP cover 
ii. More GN cover – citrobacter, haemophilus, neisseria 

iii. Crosses BBB 
d. 4th generation: cefepime (anti-pseudomonal) 

i. Extended spectrum GN cover including pseudomonas 
ii. More resistance to beta-lactamase 

 
2. Adverse effects: 

a. Allergy: 5-10% have cross-reactivity with penicillin allergies 
i. Serum sickness: fever, joint ache, rash 

ii. Urticaria 
iii. Haeme: Granulocytopenia, hypothrombinaemia, platelet dysfunction 
iv. Anaphylaxis 

b. Local: pain at injection sites 
c. CNS: headache, dizziness 
d. GI: N+V, Diarrhoea, pseudomembranous colitis 
e. Renal: interstitial nephritis and ATN 
f. Liver:  

i. Disulfuram reaction with alcohol 
ii. Potentiates warfarin by inhibiting epoxide reductase (only methythioltetrazoles 

cefamandole)  bleeding 
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MAKE-UP: Write short notes on macrolides 

1. Mechanism of action: inhibitors of bacterial protein synthesis. They enter the bacterial 
cytoplasm, and binds to the 50S Subunit of the bacterial ribosome inhibiting translocation of 
mRNA. It prevents protein synthesis needed for replication and is considered bacteriostatic. 
Bactericidal at high levels. 
 

2. Clinical use: good general gram positive cover. With the exception of Neisseria spp and 
Haemophilus (GNR), they are not effective against gram negative organisms. 

a. 1st line: atypical community acquired pneumonia, syphilis, H.pylori eradiation, 
gonorrhoea, Chlamydia. 

b. 2nd line: ear infections 
 

3. Azithromycin pharmacokinetics: 
a. Absorption: poorly absorbed orally, so often given IV. F = 40% (other macrolides 70-80%). 

Unlike erythromycin, absorbed better on empty stomach (acid-stable) 
b. Distribution: taken up specifically by phagocytes. Widely distributed except to BBB, 

joints. 
c. Metabolism: All the macrolides are Liver CYP450 inhibitors. Azithromycin has the least 

effect on CYP450 enzymes of all macrolides, erythromycin the most. Can increase drug 
levels of many drugs (theophylline, warfarin etc) 

d. Excretion: metabolised in liver, and excreted in bile 
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MAKE-UP: Write short notes on chloramphenicol. 

1. Mechanism: a bacterial protein synthesis inhibitor. It enters the bacterial cytoplasm and binds to 
the 50S subunit of the ribosome, inhibiting transcription of mRNA. It prevents protein synthesis 
needed for replication and is considered bacteriostatic. Bactericidal at high levels. 

 
2. Spectrum: Good general coverage against gram positive and negative, as well as ricketssiae. 

a. Never used 1st line due to toxicity 
b. 2nd line:  

i. Salmonella 
ii. Ear/eye infections (drops) 

iii. Meningitis (beta-lactam allergy), Staph brain abscess (excellent BBB penetration) 
 

3. Adverse effects  
a. Grey baby syndrome (flaccidity, hypothermia, D+V, cyanosis) 
b. BM suppression – agranulocytosis (type A and B) 
c. CNS – optic neuritis 
d. GI – N+V, diarrhoea 

 
4. Pharmacokinetics: 

a. Distribution: widely distributed, including CNS, lipid soluble, VD = 100L 
b. Metabolism: CYP 450 inhibitor 
c. Excretion: renal 10%, rest bile  
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MAKE-UP: Write short notes on tetracyclines. 

1. Mechanism: bacterial protein synthesis inhibitors.  They enter the cell via passive transport 
through porin channels, and bind to the 30S subunit of the bacterial ribosome, to inhibit protein 
synthesis. 
 

2. Spectrum: broad spectrum group of antibiotics (doxicycline, minocycline) active against a range 
of gram positive, negatives and also rickettsiae.  

a. Mild community acquired pneumonia 
b. Malaria treatment / prophylaxis 
c. Rickettsial / mycoplasma 
d. Acne 

 
3. Adverse effects:  

a. Pregnancy / babies / children: causes discolouration of teeth and impairs bone growth 
b. Anaphylaxis / allergy 
c. Other side-effects: 
d. GI upset 
e. CNS – nausea, ataxia 

 
4. Pharmacokinetics  

a. Absorption: well absorbed orally F = 90%, weak acid so don’t take with food (esp. dairy, 
milk and alkaline) 

b. Distribution: Wide distribution esp. to teeth, bone, eyes, spleen. 40-80% protein bound, 
crosses placenta, but does not cross BBB. In bones, it chelates to calcium.  

c. Metabolism: in liver where it is mainly excreted in enterohepatic circulation. 
d. Excretion: in bile (predominantly) and urine. T1/2 = 12-16 hours 

 
5. Resistance 

a. Alteration of porins in cell membrane, resulting in less permeability to doxicycline 
b. Alteration of binding site on 30S subunit of ribosome 
c. Enzymatic inactivation 
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MAKE-UP: Write short notes on fluoroquinolones. 

1. Mechanism: Fluoroquinolones enter the cell membrane and are transported through the 
cytoplasm into the bacterial nucleus where they bind to, and inhibit topoisomerase II/IV. As this 
enzyme is necessary for DNA super coiling, these drugs inhibit DNA replication and transcription. 
 

2. Spectrum: wide spectrum of cover, and is especially good against enteric gram-negative 
organisms.  

a. 1st line: 
i. Pseudomonal chest infections, Pseudomonal ear infections 

ii. Gram negative osteomyelitis 
iii. Gonorrhoea 

b. 2nd line: 
i. Enteric infections – salmonella, shigella, campylobacter 

ii. UTIs 
iii. Prophylaxis neutropenic patients 
iv. STIs – gonorrhoea, Chlamydia 

 
3. Resistance: mutation in the binding site to the topoisomerase enzyme. Gram positive bacteria 

have developed this resistance. Other forms of resistance involve decreasing permeability of the 
drug. 
 

4. Adverse effects: generally well tolerated 
a. Cartilage growth interference 
b. GI – upset, N+V 
c. CNS – headache 
d. Rash 
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MAKE-UP: Write short notes on trimethoprim and sulfamethoxazole. 

1. Mechanism: 
a. Sulphonamide are inhibitors of bacterial folate synthesis. Unlike humans who use 

exogenous folate from diet, bacteria need to synthesis their own folate through the 
steps: 

PABA  folate   (dihydropteroate synthase) 
Folate  tetrahydrofolate  (dihydropteroate reductase) 

Sulphonamide (sulfamethoxazole) is a structural analogue of PABA, and inhibits 
dihydropteroate synthase, and hence the production of folate from PABA. This inhibits 
DNA production, replication. Sulphonamides are bacteriostatic. 

 
b. Trimethoprim resembles folate and is a competitive inhibitor of dihydropteroate 

reductase, which converts folate  tetrahydrofolate.  
Given in combination with sulphonamides, trimethoprim is synergistic as they act at 
different levels in the folate synthesis process. The combination (co-trimoxazole) is 
bactericidal. 
 

2. Spectrum: broad 
a. UTIs 
b. Prophylaxis against PCP (cyclosporine, AIDS) 

 
3. Resistance:  

a. Some bacteria can use exogenous folates 
b. Areas of tissue breakdown, bacteria can recycle in place of folate 
c. Alteration of dihydropteroate binding sites 
d. Enzymatic inactivation 
e. Reduced cell wall permeability 

 
4. Adverse effects: 

a. GI – nausea, vomiting 
b. Haeme – megaloblastic anaemia 
c. Skin – SJ syndrome 
d. Renal – sulphonamides precipitate in urine and can form stones 


