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Opioid Agonists & Antagonists 

Pharm-05A2/98B11 Outline the acute adverse effects of opioid receptor agonists. Describe the 
mechanism of the acute adverse effects of opioid receptor agonists.  

1. Introduction: opioids drugs are associated with significant acute adverse effect and are 
important because –  

a. Most effects are dose-dependent and predictable 
b. Opioids have a narrow therapeutic window, in which adverse effects may occur at 

therapeutic doses 
c. Some adverse effects can be fatal 

 
2. Mechanism of action: 

Receptor Respiratory Effect 

µ Direct respiratory depression, histamine release, truncal rigidity 

κ Sedation 

δ Direct respiratory depression 

a. Mechanism: opioids bind to opioid receptors (GPCP)  direct ↑ K, ↓ Ca conductance 
and ↓ cAMP  inhibition of CNS transmission and neurotransmitter release. 

 
3. Effects: classified by system –  

Effect Receptor Notes 

CNS 

Sedation  µ, κ Dose-dependent CNS sedation due to opioid receptors in reticular 
formation and anti-cholinergic effects. ↑ risk elderly 

Excitation GABA Due to supraspinal inhibition of GABA/glycine, and ↓ reuptake 5-HT3 
 myoclonic jerks, seizures especially with pethidine, norpethidine. 

Rigidity D2 Truncal and chest wall rigidity  difficult airway support 
↑ remifentanyl 

Dysphoria κ  

Dependence δ Adverse social effect.  

Respiratory 

Depression µ, δ Direct activation of opioid receptors in the medulla  ↓↓ RR and ↑ 
TV  overall ↓ MV  ↑pCO2  ↑CBF  ↑ CNS levels of opioids. 
Immediate (< 2 hours) – systemic absorption lipid soluble drug 
Delayed (6-24 hours) – intrathecal drug with CSF bulk flow (morphine) 

CO2 / O2 response µ ↓ response to ↑pCO2 and ↓O2 (lesser effect)  shift MV-CO2 
response right  apnoea. 

Reflexes µ ↓ cough reflex, mucocilliary clearance  anti-tussive effects, ↓ 
airway protection  ↑ risk aspiration and bronchial plugging. 

Bronchospasm Mast cells Histamine release  bronchospasm  ↑ AWR, exacerbate COPD / 
asthma. 

Cardiovascular – opioid generally can ↓ sympathetic outflow, and vagal stimulation 

Contractility autonomic Pethidine only 

Heart rate Autonomic Opioids  ↑ vagal  ↓ HR 
Pethidine  ↓ contractility / BP  baroreceptor  ↑ HR 

MAP Autonomic Pethidine  ↓ SV, ↓ SVR  ↓ MAP 

SVR histamine Histamine  peripheral vasodilatation  ↓ SVR 

Baroreceptors Autonomic Direct inhibition  postural hypotension 

Gastrointestinal 
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Constipation µ ↓ GI peristalsis, ↑ sphincter tone  constipation 

Gastric emptying µ ↓ GI peristalsis  ↓ GI emptying  

N+V µ, D2, 5HT3 Direct activation of CTZ via dopamine or serotonin pathways. Tramadol 
↓5HT3 reuptake  indirect activation. 

Biliary tone µ ↓ biliary tone (no proven clinical effect), morphine > pethidine 

Genitourinary 

Urinary retention µ, 
autonomic 

Direct µ receptor block of parasympathetic outflow sacral PNS plexus 
 detrusor relaxation, sphincter constriction  urinary retention 

Immune -  

Pruritis, rash Mast cells Combination direct µ receptor + histamine release. 
↑ risk: intrathecal, pregnancy (oestrogen interaction) 

Viral re-activation µ HSV, VZV reactivation most commonly due to µ interaction in 
trigeminal nucleus. ↑ risk, intrathecal route.  

Endocrine 

↑ADH  Direct inhibition release ACTH, ADH, PL  Inappropriate water 
retention, hyponatraemia. 

Drug interactions 5HT Tramadol and pethidine  inhibit serotonin re-uptake  serotonin 
syndrome if given in combination with serotonergics 

4. Factors affecting acute toxicity 
a. Pharmacokinetic: 

i. Route administration:  
1. Intrathecal  pruritis, delayed resp depression 
2. IV  ↑ bioavailability, toxicity lower doses 

ii. Metabolism: 
1. Hepatic induction and inhibition 

b. Pharmacodynamic: 
i. Dose and concentration of drug: most effects are dose-dependent 

ii. Specific drug effects: 
1. Pethidine – addiction, seizures, myocardial depression, serotonin 

syndrome, anti-cholinergic 
2. Tramadol – serotonin syndrome, less sedation 
3. Remifentanyl – truncal rigidity 

c. Patient factors: 
i. Age – extremes of age more sensitive to CNS and resp effects 

ii. Disease – respiratory disease more sensitive to resp effects 
iii. Tolerance: 

1. Develops: analgesia, euphoria,  
2. Does not develop: constipation, miosis, respiratory depression 

(sometimes)  
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Pharm-02B6 Write brief notes on tolerance and dependence in relation to opioid analgesics. 

1. Tolerance:  
a. Definition – physiological state whereby increasing doses of a drug are required to 

achieve the same physiological affect over time.  
This is reflected by ↑EC50, shift right of DR curve and a ↓ potency (not efficacy). 

b. Mechanism – not completely understood, but proposed mechanisms are: 
i. Down-regulation of receptors 

ii. Up-regulation of cAMP system: opioids receptors are inhibitory to cAMP. 
Receptor systems in the locus coeruleus demonstrate ↑cAMP. 

iii. Uncoupling of G=protein from receptor (desensitisation): unproven by the fact 
that naloxone (pure receptor antagonist) can provoke withdrawal 

iv. ↑ glutamate and NMDA receptor activation: prolonged opioids  
downregulation glutamate transport, ↑ synaptic glutamate  ↑ activation of 
NMDA receptors overtime  ↓ pain tolerance, excitatory phenomenon 

v. ↓ receptor number, affinity, ↑ enzyme systems unlikely 
c. Factors: 

i. Effects showing tolerance: analgesia, euphoria, N+V, sedation, respiratory 
depression 

ii. Effects not showing tolerance: constipation, miosis, respiratory depression 
(occasionally) 

iii. Cross tolerance develops between all opioids.  
 

2. Dependence:  
a. Definition: a state of ongoing reliance on drug dosing due to a combination of 

psychological craving, and physiological withdrawal effects. Tolerance can occur without 
dependence, but generally not vice-versa. 

b. Symptoms: 
i. Physiological: sweating, N+V, diarrhoea, agitation, salivation, lacrimation, 

sweating, myalgia, abdominal cramps (cholinergic) 
ii. Psychological: dysphoria, yawning, anxiety, cravings, insomnia, restlessness 

c. Factors: 
i. Drug type – euphoric short-acting drugs  heroin, pethidine produce more 

dependence 

Drug Onset (hours) Peak (hours) Duration (days) 

Morphine 16 48 10 

Heroin 16 48 10 

Methadone 36 14 days 6 weeks 

Fentanyl 4 12 4 

ii. Dosing  - Rapid IV bolus dosing 
iii. Patient factors –  

1. Chronic pain states 
2. Social factors – recreational use 

 
3. Clinical significance: 

a. Recreational drug use:  
i. Social adverse events  crime, harm minimisation 

ii. Medical adverse events  hep C, endocarditis, thrombosis, death from 
overdose 
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b. Chronic pain: 
i. Respiratory depression usually shows tolerance, but not always 

ii. Caution and judicious bowel care, as constipation is not tolerant 
iii. Weaning of opiates required to avoid withdrawal 

c. Treatment: 
i. Long acting opioids: methadone 

ii. Partial agonists: buprenorphine 
iii. Others: clonidine, benzodiazepines 
iv. Supportive – biopsychosocial approach 
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1992 Write short notes on the cardiovascular effects of narcotics  

1. Opioids are generally cardiovascular stable drugs and are often used as the principle anaesthetic 
for cardiovascular anaesthesia because of this property. 

 
Effect Description 

Inotropy No change 

Chronotropy Dose-dependent bradycardia: Stimulation of central vagal tone  ↓HR. 
Reversed by anticholinergics.  
Pethidine (similar structure to atropine)  atropine-like effect  ↑HR 
Pethidine can also cause mild depression of contractility 

SVR Reduced sympathetic tone  vasodilation, venodilation 
Histamine release (morphine)  vasodilation, ↓VR  ↓CO  ↓MAP 

Ischaemic preconditioning  

Pain Blunts sympathetic response to painful stimuli 
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Pharm-00A15 Describe the effects of opioids on the respiratory system.  

1. Introduction: Considerations of the adverse effects of opioids on the respiratory system are 
vitally important in their use. Opioid adverse effects are generally: 

a. Dose dependent 
b. Can occur at therapeutic doses (narrow therapeutic window) 
c. Can be fatal in unmonitored 

 
2. Mechanism of action: effects on respiration are mediated by all 3 opioid receptors –  

Receptor Respiratory Effect 

µ Direct respiratory depression, histamine release, truncal rigidity 

κ Sedation 

δ Direct respiratory depression 

a. Mechanism: opioids bind to opioid receptors (GPCP)  direct ↑ K, ↓ Ca conductance 
and ↓ cAMP  inhibition of CNS transmission and neurotransmitter release. 

 
3. Effects: 

a. Direct depression:   
i. Receptor - µ and δ receptors in brainstem 

ii. Action: ↓↓ RR, unchanged or ↑ TV  overall dose-dependent ↓ MV which 
can progress to apnoea  fatal. 

b. ↓ response CO2 / O2: 
i. Receptor - µ and δ receptors in brainstem 

ii. Action: ↓↓ MV response to ↑CO2 via central chemoreceptors  shifts MV vs. 
pCO2 right. ↓ MV response to ↓O2.  
Secondary: ↑pCO2  ↑ CBF  ↑ delivery opioids to CNS 

c. ↓ cough reflex, ciliary motility: 
i. Receptors: µ receptors 

ii. Action:  
1. ↓ mucocilliary clearance  ↑ mucous plugging  bronchial 

obstruction in asthmatics / COPD 
2. ↓ cough reflex: therapeutic anti-tussive effect, and airway 

instrumentation. However, ↑ risk aspiration. 
d. Histamine related: 

i. Receptors: opioids can activate direct mast-cell degranulation 
ii. Action: ↑ histamine  bronchospasm, itch  difficult intubation. More 

common with morphine than with phenylpiperidines. 
e. Truncal rigidity: 

i. Receptors: direct interaction with dopaminergic receptors in substantia nigra 
and striatum 

ii. Action truncal and chest wall rigidity  difficulties with intubation and 
ventilation 

f. Indirect:  
i. Sedation: contributes to all the above factors 

ii. Airway reflex inhibition 
 

4. Factors: 
a. Pharmacokinetic: 
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i. Route administration – intrathecal administration can cause supraspinal 
respiratory depression (delayed) with low doses of opioids due to bulk blow via 
CSF. IV doses more toxic than oral doses. 

ii. Lipid solubility – hydrophilic opioids (morphine) are more likely to cause delayed 
respiratory effects via CSF bulk flow as they are less absorbed in the spinal cord. 

b. Pharmacodynamic: 
i. Specific drug actions: 

1. Remifentanyl – truncal rigidity 
2. Morphine – histamine release 
3. Pethidine – respiratory depression 

ii. Drug interactions: 
1. Other CNS depressants have synergistic effects on respiratory 

depression (benzodiazepines, IV anaesthetics) 
c. Patient factors: 

i. Age: extremes of age are more sensitive to respiratory depression 
ii. Tolerance: usually a feature of respiratory effects but it does not consistently 

protect an opioid dependent individual. 
iii. Disease:  

1. Obstructive sleep apnoea – difficult airways for intubation, chronic 
hypoxia 

2. COPD – hypercapnoeic response is already blunted 
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Pharm-10B1 Compare and contrast the pharmacokinetics of orally and intravenously administered 
morphine and oxycodone.  

 
Property Morphine IV Morphine PO Oxycodone IV Oxycodone PO 

Pharmacodynamic: morphine has a slightly higher potency compared to oxycodone and hence the IV dose 
needed is less. 

Group Phenanthrene Phenanthrene 

Mechanism Full opioid agonist Full opioid agonist 

Potency 10mg 30mg 15mg 20mg 

Pharmacokinetics: despite its higher potency, PO morphine has a much lower bioavailability due to extensive 
1st pass metabolism compared to oxycodone. Thus, PO doses of morphine are higher than oxycodone.  

Absorption Complete F = 30% 
High HER 

Complete F = 60-80% 
Lower HER 

Distribution VD = 3.5L/kg 
Protein = 35% 
pKa = 7.9, ionisation = 25% 
Lipid solubility = 1 (poor) 

VD = 2.5L/kg 
Protein = 45% 
pKa = 8.5, ionisation = 7% 
Lipid solubility =greater than morphine 

Metabolism Hepatic glucoronidation: 
M3G  dysphoria 
M6G  10% activity 
CL = 16ml/kg/min 
Reduce dose liver disease 

Hepatic CYP450: subject of 
induction/inhibition 
oxymorphone, noroxycodone  minor 
active metabolites 
CL = 7mLs/kg/min 
Reduce dose liver disease 

Excretion 90% renal 
T1/2 = 2 hours 
Reduce dose renal failure 

90% renal 
T1/2 = 3-4 hours 
Reduce dose renal failure 
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Pharm-03A6/00B12 Explain how differences in the pharmacokinetics of alfentanyl and fentanyl can 
influence the way they are administered intravenously. 

1. Fentanyl and alfentanyl are both opioid analgesic drugs which belong to the same 
phenylpiperadine chemical group. They have important pharmacokinetic differences which 
affect their use as IV agents for analgesia, procedural sedation and as an adjunct to general 
anaesthesia. 
 

2. Pharmacokinetic and physiochemical properties 

Property Fentanyl Alfentanyl 

Physiochemical: the lower pH of alfentanyl means more is unionised at body pH which contributes to its 
significantly faster onset of action. Its potency is lower, meaning that doses are 10 x fentanyl doses for 
equianalgesia.  

pKa 8.4 6.5 

% unionised pH 8 90% 

Lipid solubility 600 x morphine 100x morphine 

Potency 100 x morphine 10 x morphine 

Pharmacokinetic: despite fentanyl having a higher intrinsic lipid solubility, it is slower to act as more exists in 
ionised form (lipid insoluble) upon administration. Despite its higher hepatic clearance, it has longer T1/2 and 
CSHT due to its uptake by fat and peripheral tissues due to lipid solubility (high VD).  
Fentanyls offset is due to redistribution and excretion, hence its CSHT rises exponentially.  

Absorption Complete through the IV route Complete through IV route 

Distribution VD = 4L/kg 
Protein binding 84% 

VD = 0.5L/kg 
Protein binding 92% 

Metabolism Hepatic: N-demethylation  
norfentanyl 
Affected by CYP 450 
Lung: 75% sequestration 
CL = 17mL/kg/min 

Hepatic: N-dealkylation  noralfentanyl 
 
Affected by CYP 450 more so than fentanyl. 
CL = 6mL/kg/min 

Elimination Renal 
T1/2β = 4 hours 
CSHT4Hours = 260 min 

Renal 
T1/2β = 1.5 hours 
CSHT4Hours = 60 min 

Onset 3-6 min 1-2 min 

Peak 7 min 1.5min 

Duration Bolus 30 min Short 

Clinical Use:  

IV bolus Longer onset time, but effect lasts for 
longer, so useful for longer lasting 
procedural sedation. 
 

Onset time within 1 min, so useful for 
transient noxius stimuli – intubation, 
laryngoscopy 

Infusion  Lipid solubility means greater 
distribution to peripheral tissues which 
prolongs CSHT when saturated. Slower 
recovery.  

Faster washout due to rapid redistribution, 
and less uptake by fat and skeletal muscle. 

Low dose analgesia 1-2mcg/kg 10-20mcg/kg 

High dose sedation 50-100mcg/kg sedation and hypnosis 100mcg/kg transient induction 
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Pharm-96B9 Briefly explain the factors which determine the duration of effect of intravenously 
administered bolus doses of fentanyl.  

1. Fentanyl is a phenylpiperidine opioid analgesic used commonly as IV bolus for analgesia, 
procedural sedation and as an adjunct to general anaesthesia. 
 

2. Physiochemical and pharmacokinetic parameters: 

Property Fentanyl 

pKa 8.4 

% unionised pH 8 

Lipid solubility 600 x morphine 

Potency 100 x morphine 

Absorption Complete through the IV route 

Distribution VD = 4L/kg 
Protein binding 84% 

Metabolism Hepatic: N-demethylation  norfentanyl 
Affected by CYP 450 
CL = 17mL/kg/min 

Elimination Renal 
T1/2β = 4 hours 
CSHT4Hours = 260 min 

Onset 3-6 min 

Peak 7 min 

Duration Bolus 30 min 

3. Factors affecting duration of effect of IV bolus. 
a. Pharmacodynamic: 

i. Dose / conc: 
1. Small bolus doses 1-2mcg/kg: 

a. Used pre-induction 
b. Duration 30 min 
c. Mechanism of offset: distribution to inactive tissues  skeletal 

muscle, fat, GIT, lung (75%) 
2. Large bolus 50-100mcg/kg: 

a. Used adjunct sedative and hypnosis 
b. Duration > 4 hours 
c. Mechanism: saturation of peripheral tissues (lung, muscle, fat) 

 redistribution into central compartment  metabolism / 
elimination  progressively longer CSHT 

d. Second peak: due to redistribution from lung, GI (ion trapping in 
acid environment) 

ii. Drug interaction: 
1. CYP 450 interactions – metabolised in liver by CYP 450  norfentanyl. 

Thus inhibitors (erythromycin) will ↓ metabolism  ↑ duration of large 
boluses 

2. Halothane: ↓ liver BF  ↑ duration 
3. Synergism – longer lasting effects if given with other opioids, 

benzodiazepines. 
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b. Pharmacokinetic: 
i. Distribution: 

1. Obesity: faster distribution and shorter duration of action for low dose, 
but slower redistribution and duration of action for larger doses. 

2. Protein states: ↓ protein  ↑ free drug  ↑VD  faster distribution 
of low dose 

ii. Metabolism: 
1. Lung excretion: ↓ ventilation  ↓ lung excretion of fentanyl  ↑ 

duration of large doses. 
2. Hepatic failure: minimal effect on metabolism (?cause) 

 
c. Patient factors: 

i. Tolerance: opioid dependent patients will require larger doses, and will have 
relatively ↓ duration of bolus doses. 

ii. Disease states 
iii. Age: ↓ VD, ↓ hepatic clearance  prolonged effect 
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Pharm-07B3 Outline the important pharmacological considerations concerning choice of opioid and 
dosage when converting from intravenous morphine to oral opioid analgesia in the post operative 
period.  

1. Since IV morphine is commonly used in the operative setting, it is important to have an good 
system for converting to oral analgesia, to maximise recovery in the ward and to facilitate 
discharge with adequate analgesia and minimal adverse effects. Factors to consider are 
pharmaceutical, pharmacokinetic and phamacodynamic. 
 

2. Pharmaceutical: 
a. Cheap, readily available drug preferable (eg. Oxycodone, MS contin) 
b. It is ideal for same PO drug to be used as an outpatient, so it should be readily available 

and safe outside hospital. 
c. Formulations: 

i. Liquid formulation available for patient with ↓ GI absorption, impaired 
swallowing (GI surgery)  liquid oxycodone, hydromorphone 

ii. Opioids with slow-release preparation are preferable for slow, constant pain 
(MS-contin, oxycontin). Fast-release (oxycodone) preferable for fast pain, or 
breakthrough pain-relief. 

 
3. Pharmacokinetic: 

a. Absorption – considerations given to effect of surgery on GI absorption  delayed 
gastric emptying, nausea and vomiting, ↑ transit time  may necessitate alternate 
route or stronger dose. 

b. Metabolism –  
i. impaired hepatic function may ↓ expected 1st pass metabolism  ↓ PO dose 

ii. genetic variability: slow metabolisers of CYP2D6 will be unable to convert 
codeine  morphine  ineffective. 

c. Dosing –  
i. Long dosing intervals:  using sustained release opioids  

ii. Prn dosing is beneficial to avoid adverse effects and to wean 
 

4. Pharmacodynamic: 
a. Relative potency – drugs must be dosed according to their relative potency (compared 

to IV morphine). The general rule is to calculate total IV morphine required for the 
previous time period, and to give a slightly lower conversion dose (usually prn). There 
are opioid conversion tables to assist with this: 
Drug Relative potency 10mg PO morphine conversion 

Codeine 0.1 100mg 

Oxycodone 2 5mg 

Hydromorphone PO 5 2mg 

Hydromorphone IV 15 0.67 

Morphine PO 1 10 

Morphine IV 3 3.3mg 

Pethidine PO 0.125 80mg 

Pethidine IV 0.4 25mg 

Fentanyl patch   

Fentanyl IV 50-100 70mcg 

Sufentanyl 1000 5mcg 

b. Pain severity: related to type of surgery 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-07B3


 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 

 

i. Severe pain: stronger agonists – MS contin, oxycodone 
ii. Mild pain: weaker agonists – codeine 

iii. Surgical post-op pain usually diminishes, so aim to wean dose 
c. Drug-interactions: 

i. Use of non opioid analgesics will ↓ dose required  NSAIDs, paracetamol 
ii. Other drugs may ↑ side-effects: CNS depressants, anti-histamines 

iii. Hepatic inhibition ↑ effect  ↓ dose (erythromycin), induction will ↓ effect  
↑ dose (phenytoin) 

d. Patient factors: 
i. Age – extremes of age are more susceptible to adverse effects (respiratory 

depression, confusion)  ↓ dose 
ii. Tolerance – opiate tolerant people require larger doses 

iii. Compliance – regular dosing required for demented, or children unable to 
request PO analgesia. 
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Pharm-09A5/04A4/01B12 Outline the effects of an opioid injected into the spinal intrathecal space.  

1. Intrathecal opioids are used commonly for the purpose of targeted and segmental analgesia in 
combination with local anaesthetics. The effects can be divided into spinal, supraspinal, and 
system effects and differ amongst different agents used. Morphine and fentanyl are the most 
commonly used: 

a. Morphine 0.2-1mg 
b. Fentanyl  10-25mcg 

 
2. Pharmacodynamic effects: 

a. Opioid drugs bind to, and activate opioid receptors which have the following effects –  

Receptor Effect 

µ Analgesia, euphoria, miosis, 
respiratory depression, 
histamine release, constipation 

κ Analgesia (spinal > supraspinal), 
sedation, miosis 

δ Analgesia (peripheral), 
respiratory depression 

 

b. Drug-receptor interaction: opioid receptors are GPCR in which activation of G protein 
↓ cAMP  ↑ K, ↓ Ca conductance  hyperpolarisation  ↓ release of excitatory 
neurotransmitters (substance P, glutamate, ACh)  analgesia 

 
3. Spinal Effects: intrathecal opioid are injected into the intrathecal space (CSF) and diffuse across 

the meninges into the spinal cord, where they bind to opioid receptors to exert their effects 
a. Effects: the effects at opioid receptors are strong and only require low doses. Blockade 

of other receptors is less marked in intra-thecal administration due to low doses 
(compared to epidural administration).  

i. Analgesia (pre and post-synaptic): activation of µ and k receptors in substantia 
gelatinosa of dorsal horn spinal cord. They block transmission of pain afferents 
of slow pain (C fibres, laminae II) and fast pain (Aδ fibres, laminae II/V)  gate 
closure. They also modulate descending pathways.  

ii. Hypotension: blockade of sympathetic chain  vasodilation  orthostatic 
hypotension.  

iii. Urinary retention: blockade of parasympathetic sacral plexus  relax detrusor, 
contract IUS  retention 

b. Factors: the effects depend on diffusion of drug from CSF  spinal cord receptor sites 
which is dictated by Fick’s law. As the CSF is in direct contact with spinal cord, diffusion is 
quick and efficient and much smaller doses are used compared with epidural / 
intravenous administration. 

i. Ionisation: unionised drugs diffuse more quickly (since opioids are bases, ↓pKa 
 ↑ speed action) 

ii. Tolerance: repeated doses of opioids results in downregulation of receptors and 
tachyphylaxis. Opioid dependent patients may require higher doses.  
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4. Supraspinal effects: occur after local spinal effects due to bulk cephalad flow of CSF containing 
opioid. 

a. Effects: 
i. Analgesia (post-synaptic):  

ii. Respiratory depression: mediated by activation of µ and δ receptors in 
brainstem  ↓ response to ↑pCO2 (shifts curve right)  respiratory 
depression  ↓↓RR, ↓ TV. This is the most important adverse effect of 
intrathecal opioids and is dose-related. Occurs early (< 2 hours) and late (2-24 
hours with morphine). 

iii. Sedation: activation of µ receptors in reticular formation 
iv. CNS excitation: inhibition of GABA/glycine inhibitory pathways in brainstem and 

basal ganglia  myoclonic jerks, seizures (need high doses, rarely seen with 
intrathecal dosing) 

v. Viral re-activation: occurring 2-5 days post-neuraxial injection. Reactivation of 
herpes simplex occurs in the same region as the primary infection, due to 
interaction with trigeminal nucleus. 

vi. N+V: opioids are weak D2 agonists  stimulation of dopamine receptors in CTZ. 
vii. Pruritis: most common side-effect usually localised to head, neck, upper thorax. 

Due to interaction with trigeminal nucleus, and exacerbated in pregnancy by 
interaction oestrogen with opioid receptors. T 

b. Factors: 
i. Lipid solubility: lipid soluble drugs (fentanyl) have much more affinity for spinal 

cord receptors than water soluble drugs (morphine). Morphine retained more in 
the CSF, and hence is much more likely to cause delayed supraspinal effects as it 
transported to the brainstem via CSF bulk flow.  

ii. Bulk-flow: CSF flow transports drug to the supraspinal CNS. This is exacerbated 
by position (head down), and volume of injection (↑volume  ↑ flow_ 

iii. Tolerance: opioid dependent patients are less senstivie to analgesic and 
respiratory depression effects than naïve patients. 

 
5. Systemic effects: due to systemic absorption of opioid drugs through epidural venous plexus. 

Systemic plasma concentration rarely reach high enough levels to produce effects due to low 
doses used with intrathecal injections. 

a. Effects: 
i. Constipation: direct effect of µ-receptors on GI smooth muscle / anti-cholinergic 

effects  ↓ peristalsis, ↑ sphincter tone  constipation 
ii. Histamine effects: opioids can cause direct release of histamine  pruritis, 

vasodilatation, hypotension. 
b. Factors: 

i. Lipid solubility – as above, lipid soluble agents are less likely to be distributed to 
the systemic circulation by virtue of their quick uptake into the spinal cord.  
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1991 Write short notes on narcotics administered via the epidural and intrathecal routes.  

1. Opiates are useful drugs which can be administered via the intrathecal or epidural route to 
prolong or enhance the actions of neuraxial blockade.  
 

2. Intrathecal: 
a. Pharmacodynamics: 

i. Mechanism: agonist to µ-receptors in the substantia gelatinosa of the dorsal 
horn. 

ii. Effect: depends on dose, volume injected, position of patient, level of injection. 
b. Pharmacokinetics: 

i. Absorption: obey Fick’s law of diffusion from CSF  spinal cord 
ii. Distribution: 

1. No protein binding in CSF  smaller doses needed 
2. Lipid solubility: ↑solubility  more rapid absorption by cord, nerve 

roots and blood vessels  less available for migration. ↓solubility  
remains in CSF. 

c. Specific agents: 
i. Fentanyl: ↑lipid solubility  fast onset and duration. Appropriate for 

intraoperative pain relief 
ii. Morphine: ↓lipid solubility  slow onset, long duration. Good for post-

operative pain relief, but can cause delayed respiratory depression up to 18 
hours. 

iii. Pethidine: intermediate lipid solubility and LA effect 
 

3. Epidural:  
a. Pharmacodynamics: 

i. Mechanism: agonist to µ-receptors in the substantia gelatinosa of the dorsal 
horn. 

ii. Effect: depends on dose, volume, position, level. 
iii. Dose: 5-10x intrathecal doses 

b. Pharmacokinetics: 
i. Absorption:  

1. Diffusion Paravertebral spaces  spinal nerve roots 
2. Diffusion of drug from dura  CSF  spinal cord 

ii. Distribution: 
1. Unionised drug available for diffusion depends on tissue pH and drug 

pKa 
2. Vasoconstrictors added to ↓systemic absorption 

 
4. Adverse effects: 

a. Nausea and vomiting 
b. Pruritis: CSF migration of drug to trigeminal nucleus 
c. Urinary retention: inhibition of PNS sacral nerve plexus 
d. Respiratory depression:  

i. Early – systemic absorption 
ii. Late – cephalad migration of CSF to respiratory centres. More likely with low 

lipid soluble drugs.  
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Pharm04-B4 Write short notes on tramadol. 

1. Tramadol is an opioid analgesic used commonly to treat acute and chronic pain. 
 

2. Pharmaceutical: 
a. S8 medication 
b. Formulations – tablet, SR capsule, sachet 50-400mg; IV/IM 100mg/2mL 
c. Isomers – racemic mixture of R (-) and S (+) stereoisomers 
d. Physiochemical: 

i. pKa 9.4 base, 1% unionised at pH 7.4 
 

3. Pharmacodynamics: 
a. Use: acute and chronic pain both visceral and neuropathic 
b. Dose: 1-2mg/kg 
c. Potency: 0.1 x morphine 
d. Mechanism: both isomers are agonists at opioid receptors with strongest affinity for µ-

receptors. They also have effects on monoamine levels which provide descending 
pathways for inhibition of pain transmission. Tramadol’s action is a unique result of the 
synergistic activity of the above mechanisms. 

i. S (+): inhibits 5HT3 re-uptake and ↑ presynaptic release 
ii. R (-): inhibits NA reuptake 

e. System effects: 
i. CNS –  

1. Analgesia – 1/10 potency compared to morphine 
2. Sedation – less sedation than morphine in equianalgesic doses, but may 

↑ awareness intra-operatively 
3. Miosis 
4. N + V – due to 5HT3 activation at CTZ, more common than morphine, 

treated with ondansetron 
ii. Resp – less depression than morphine and safer from this respect. Responsive to 

naloxone 
iii. CVS – minimal effects 
iv. GI – mild constipation 
v. Tolerance – less likely to cause tolerance / dependence 

vi. Other: 
1. Anti-shiver (k receptor) 
2. Overdose – can cause seizures 

f. Drug interactions: 
i. Synergistic with other opioids in terms of side effects 

ii. Additive to LA to ↓ onset of sensory nerve block 
iii. SSRI/SNRIs can cause serotonin syndrome 
iv. Ondansetron – could antagonise analgesic effect 
v. Naloxone – only reverses 30% of effects 

 
4. Pharmacokinetics: 

a. Absorption: well absorbed orally, available IM/IV 
i. F = 70%  ↑ 90-100% repeated dosing 

b. Distribution: 
i. VD = 4L/kg 

ii. Protein binding 20% 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm04-B4
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iii. 80% crosses placenta 
c. Metabolism: 

i. Hepatic via glucoronidation, methylation 
ii. One active metabolite  O-desmethytramadol (M1)  analgesic effect 

iii. 10% slow metabolisers CYP2D6 so cannot produce this metabolite  ↓ 
analgesic effect (similar to codeine  morphine) 

d. Elimination: renal excretion inactive metabolites. Dose reduction in renal / hepatic 
failure  
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Pharm-99A10 Write a brief outline on the pharmacology of remifentanyl.  

1. Remifentanyl is a short-acting pure µ opioid agonist used as an IV analgesic for the short-term 
relief of moderate to severe pain. 

Property Remifentanyl 

Physiochemical 

Group Esterised phenylpiperidine derivative 

Structure 

 
Formulation White powder mixed with glycine, can be reconstituted with water. 

pKa Base, 7.3 

Lipid solubility Low (20x morphine) 

Pharmacodynamics 

Use Intravenous bolus / infusion for intraoperative moderate-severe pain 
Very short-acting, so provision needs to be made for post-operative analgesia 
Ideal for short procedures (intubation) or neurosurgery 

Dose 1-2µg/kg bolus 
0.1-1 µg/min/kg infusion 

Mechanism Pure µ opioid agonist 
Agonist at GPCR  ↑ K, ↓ Ca conductance, ↓cAMP  cell hyperpolarisation of pain 
pathways  inhibition 

CNS Analgesia, sedation, miosis, nausea and vomiting 
Truncal rigidity prominent 
↓ CMRO2, mild ↓ CBF, no change ICP  

CVS Direct stimulation vagal nuclei, depression of SNS  ↓ HR, BP 
No direct effect on myocardium 
No or minimal effect on histamine release 

Resp Depression of respiratory centre, response to ↑pCO2, ↓pO2 

↓↓RR,↓VT  ↓MV 
Thoracic truncal rigidity  pre-synaptic inhibition GABA  difficult IPPV 
Responsive to muscle relaxants  

GI Biliary spasm 
Constipation 

Other Minimal histamine release 
Not a drug of dependence due to short-action 

Adverse effects Respiratory depression 
N+V 
Truncal rigidity 
Severe pain post-op once wearing off 

Pharmacokinetics 

Absorption Only given IV 
Not given neuroaxial 

Distribution VD = 0.5L/kg 
Protein binding = 70% 
Lipid solubility low (20x morphine, 1/30 fentanyl) 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-99A10
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Metabolism Non-specific tissue and plasma esterase  ester hydrolysis 
CL = 60mL/kg/min  
Not affected by liver failure, or pseudocholinesterase deficiency 

Excretion T1/2β = 10 min 
CSHT4Hours = 4 min (independent of infusion time) 
Urine excretion 
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Pharm-96A11 Describe briefly the pharmacokinetics of pethidine. 

1. Pethidine is a synthetic phenylpiperidine used in the operating theatre for short-term relief of 
moderate-severe pain. 

Property Pethidine 

Physiochemical 

Group Synthetic phenylpiperidine 

Structure 

 
Formulation Tablets 

IV/IM formulation 10-50mg/mL 
IV/IM/Epidural/PO 

pKa Base, pKa 8.5, 7% unionised at pH 7.4 

Lipid solubility 40 x morphine 

Potency 1/10 morphine 

Pharmacokinetics 

Absorption Well absorbed 
50% bioavailability due to extensive 1st pass metabolism 
No SC administration due to histamine release 

Distribution VD = 4L/kg 
Protein binding = 60% 
Lipid solubility = 40x morphine 
Crosses placenta 

Metabolism CL = 10mls/kg/min 
Hepatic:  
Hydrolysis  pethidinic acid (inactive) 
Demethylation  norpethidine 
Norpethidine  ½ potency, can cause seizures, CNS excitation, T1/2 = 14-21 hours 

Excretion Renal excretion 
T1/2β = 4 hours 
T1/2 Norpethidine = 14-21 hours 
↑ excretion with acid urine 

Clinical Aspects  

Lipid Faster onset than morphine owing to its higher lipid solubility 

↓ 5HT reuptake Can cause serotonin syndrome with other SSRIs / MAOIs 
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Pharm-06A7/97B15 Briefly outline the pharmacology of naloxone.  

1. Naloxone is an opioid antagonist used for the reversal of acute opioid toxicity 

Property Naloxone 

Physiochemical 

Group Thebaine derivative 
N=alkyl derivative of oxymorphone 

Structure  

Formulation IV solution 400mcg/mL 

pKa 7.9 

Lipid solubility 23 

Pharmacodynamics 

Use Reversal of opioid induced respiratory depression 
Treatment of acute opioid overdose 
Treatment of neuraxial opioid SEx: pruritis, sedation, respiratory depression 

Dose 1-4mcg/kg bolus 
5mcg/kg/hour infusion 

Mechanism Pure opioid receptor antagonist µ > k, δ 
Competitive antagonism 

CNS Antanalgesic 
Reversal of sedation, analgesia 

CVS ↑ SNS  ↑ HR, contractility  arrhythmias, APO 

Resp Reversal of respiratory depression 

GI Reversal of spasm  diarrhoea 
Associated with N+V 

Other Crosses placenta and can cause acute withdrawal in foetus of opioid dependent 
mother 

Adverse effects N+V 
Reverses analgesia 
Precipitates withdrawal: agitation, craving, anxiety, yawning, lacrimation, insomnia, 
abdominal cramping, D+V 

Pharmacokinetics 

Absorption IV, so F = 100% 

Distribution VD = 2L/kg 
Protein binding = 45% 
High lipid solubility  rapid effect 

Metabolism Hepatic: glucoronidation  naloxone-3glucoronide (inactive) 
High HER 
CL = 25mls/kg/min 

Excretion Renal excretion 
T1/2β = 90 min 
Onset = 1-2 min 
Duration = 30min 
Offset = distribution 

  

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-06A7
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NSAIDs and Paracetamol 

Pharm-07A5 Classify non-opioid drugs used for the treatment of neuropathic pain and indicate 
proposed mechanisms of analgesic action and potential adverse effects.  

1. Neuropathic pain is generally pain of a fast, sharp nature which is transmitted by Aδ fibres, 
usually along specific dermatomes. Pain pathways involve transmission of action potentials from 

nociceptors  pain pathways in ST tract  thalamus  sensory cortex. 

Group Drug Mechanism Adverse effects 

Simple 
analgesia 

Paracetamol 
NSAIDs 

Paracetamol: Anti-inflammatory effect 
unknown, blocks bradykinin sensitive 
nociceptors 
NSAIDs: 
Inhibit COX-2  ↓ pain mediation by PGs, 
histamine, bradykinins 

Paracetamol: hepatotoxicity 
in overdose. 
NSAIDS:  
↓PG: nephrotoxic (↓RBF, 
interstitial nephritis), 
gastritis/GI bleed 
Respiratory alkalosis, 
metabolic acidosis 

Antiepileptics  Valproate, 
carbamezapine 

Block voltage Na/Ca channels,  
Inhibit breakdown of GABA by GABA-T, ↑ 
K conductance  block depolarisation 

Carbamezapine: ataxia, 
confusion, ADH syndrome, 
hepatitis, agranulocytosis 
Valproate: hepatitis, 
thrombocytopenia, hair loss, 
NTDs 

TCAs Amitryptiline ↓ 5HT, NA reuptake 
Na channel blockade 
Other unknown actions 

Anti-chol: dry eyes, mouth, 
urinary retention, 
constipation, sedation 
Prolonged QTc 
Serotonin syndrome 

Local 
anaesthetics 

Lignocaine Block fast Na channels  ↓ conduction of 
1st and 2nd order neurons 

CNS: excitatory, then 
depressant 
CVS: anti-arrhythmic, 
depression, VT/VF, collapse 
SNS blockade in neuraxial 
block 

GABAB 
agonists 

Baclofen Activate GABAB (GPCR)  ↑ K 
conductance  hyperpolarisation  block 
depolarisation 

Sedation 
↓BP 

NMDA 
antagonists 

Ketamine Block NMDA receptor  ↓ glutamate 
activation of 2nd order neurons  ↓ Ca 
influx  cell hyperpolarisation 

CNS: dysphoria, N+V 
↑ secretions 

α2 agonists clonidine α2 agonists  inhibit further NA release 
 ↓ cAMP activation of excitatory 
glutamate  ↓ pain transmission 

↓ MAP, Sedation 
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Pharm-10A5/06B5/02A2/97B12 Describe how Non Steroidal Anti-Inflammatory Drugs exert their 
clinical effects and side-effects. Outline the advantages and disadvantages in using COX-2 selective 
agents.   

1. NSAIDS (non-steroidal anti-inflammatory drugs) are used for their anti-inflammatory, analgesic 
and anti-platelet actions.  
 

2. Mechanism of action – the arachidonic acid pathway. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. NSAIDs block the conversion of arachidonic acid (from membrane phospholipids)  
eicosanoids which mediate pain/inflammation (PGE2F2, thrombosis (TXA) and vascular 
endothelial responses (PGI2)  

b. 3 enzymes: COX1,2 are isoenzymes: 
i. COX-1: homeostatic in gastric, renal and platelet function 

1.  PGE/F/I – gastric mucosal protection (↑ bicarbonate, mucous 
production), maintain RBF (vasodilation) 

2. TXA – platelet aggregation, vasoconstriction 
3. PGI2 – platelet inhibition, vasodilation 

ii. COX-2: inducible in response to cell, vessel wall injury 
1. PG  pain, inflammation, cytokine production 

iii. Lipo-oxygenase  leukotrienes  bronchoconstriction 
 

3. Therapeutic effect 

Effect Mechanism 

Analgesic Paracetamol – inhibition COX-3, 
NSAIDs – inhibition of inducible PGs  ↓ release of bradykinin, cytokines 
Direct central inhibition 

Anti-inflammatory Inhibition of inducible inflammatory PGs  ↓ cytokine release, ↓ PMN migration, ↓ 
bradykinin/histamine/substance P release 

Anti-pyretic Inhibition of PG central activation of hypothalamic thermoregulatory centre 

Anti-platelet Preferential inhibition of TXA production  ↓ platelet aggregation 

4. Toxicity 

Toxic Mechanism – mainly due to COX-1 inhibition 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php?title=Pharm-10A5&action=edit
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GI bleeding Inhibition of COX-1 mediated PG release in gastric mucosa  ↓ bicarbonate, mucous 
production; ↓ TXA  ↑ bleeding 

Nephrotoxicity Inhibition of PGE2/I2  renal vessel vasoconstriction  ↓RBF exacerbated in low 
volume states, or in the presence of diuretics 

Bleeding Inhibition of TXA (aspirin irreversible)  ↑ bleeding intra and post-operatively 

Thrombosis COX-2 selective inhibition  relative ↑ TXA / ↓PCI  hyperthrombotic  ↑ risk ACS, 
stroke 

Bronchospasm Inhibition of COX pathway  divert to LT pathway  LT-induced Bronchospasm. 
Typically occurs 20% people with low-dose NSAIDs, middle aged (children spared) 

Hepatotoxicity 15% transaminitis 

Hypertension ↑ ADH effect  fluid retention  offset effect of anti-hypertensives 

Ductus arteriosus PGs required to maintain patency of DA  NSAIDs in late pregnancy can close DA 

Aspirin Reye’s syndrome – idiosyncratic hepatic failure in children 
Salicylism – headache, vertigo, dizziness, deafness 
Metabolic changes – respiratory alkalosis due to uncoupled oxidative phosphorylation, 
followed by metabolic acidosis 

Allergy Sulphur – celecoxib contains sulphur 

Drug interactions Highly protein bound  displace drugs from proteins  ↑ effect 
Synergism with other anti-coagulants 

 

5. COX-2 Selective inhibitors: NSAIDs can be classified into non-specific COX inhibitors, or COX-2 
specific inhibitors. COX-2 specific inhibitors were developed on the basis that selective COX-2 
inhibition would allow therapeutic effects of inducible PG blockage, whilst maintaining 
homeostatic PG production (by COX-1) and avoiding many adverse effects. 

a. Advantages: (refer to CLASS trial) 
i. ↓ incidence of gastric side-effects 

ii. ↓ post-operative bleeding 
iii. May ↓ risk bronchospasm 

b. Disadvantages: 
i. ↑ incidence of thrombotic adverse effects 

ii. No change in renal adverse effects 
iii. Expensive 
iv. Celecoxib  sulphur allergy 

c. Clinical use 
i. Use in high GI risk patients, or high risk bleeding patients 

ii. Contraindicated: previous MI / CVA / PVD  
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Pharm-06B8/03B5/00A10/95 Describe the pharmacological effects of paracetamol. Outline its 
toxicity and management.  

1. Paracetamol is an over-the-counter simple analgesic. 

Pharmaceutical 

Group Para-aminophenol, NSAID 

Structure 

 
Formulations 500mg tablets 

Liquid suspension for paediatric 
Rectal suppositories 125mg 
Combination with codeine (panadeine forte) 
IV solution (1g/100mLs) 

Availability Over the counter – important factor ↑ prevalence of overdose 

Pharmacodynamic 

Effects Analgesic 
Anti-pyretic 
No anti-inflammatory activity 

Mechanism Central inhibition COX-3  ↓ PG mediated fever centrally 
Inhibition of bradykinin stimulation of peripheral nociceptors 
Inhibition of 5HT3 reuptake at spinal cord level  modulate pain transmission 

Use Analgesia 
Anti-pyretic 
Opioid sparring agent in moderate-severe pain 

Dose 15mg/kg QID, max 60mg/kg daily or 4g daily 

Adverse effects Paracetamol toxicity: > 15g single dose or > 200mg/kg 
Allergic 
Renal impairment 

Interactions  

Pharmacokinetic 

Absorption 80-90% bioavailability 

Distribution 10% protein bound 
VD = 1L/kg 

Metabolism  Hepatic: 2 pathways 
80% glucoronidation, sulfation  conjugated metabolites 
20% N-acetyl-p-benzoquinonimine  glutathione conjugation 

Excretion Urine excretion metabolites 
T1/2 = 2 hours 

2. Toxicity: 
a. Mechanism of action: in paracetamol overdose (>15g/day), the major 

glucoronide/sulphate conjugation pathway is saturated, and paracetamol  N-
acetyl-p-benzoquinonine  forms covalent bonds with hepatocytes  cell death 
and centrilobular necrosis. 
Normally, this is averted because NAPB is rapidly detoxified by glutathione 
conjugation into inactive metabolite. But in paracetamol toxicity, glutathione is 
exhausted. 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-06B8
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b. Factors affecting toxicity: 
i. Pre-existing liver function impairment 

ii. Extremes of age 
iii. ETOH abuse 
iv. Malnutrition 

c. Clinical:  
i. < 2 days asymptomatic: 

1. 4 hour blood paracetamol nomogram 
ii. 2-6 days: 

1. Deranged LFTs 
2. N+V, abdominal pain, sweating, erythema, peripheral vasodilatation, 

shock 
3. Delayed hyperglycaemia 
4. Hepatic failure: coagulopathy, cholestasis 
5. Fulminant hepatic failure  encephalopathy, coma 

d. Management: 
i. ↓ absorption: activated charcoal, gastric lavage 

ii. Replace glutathione substrates: 
1. IV N-acetylcysteine: precursor of glutathione, given IV according to 

nomogram protocol 
2. Moethionine (PO): alternative source of glutathione 

iii. Supportive: 
1. IV glucose (liver failure hypoglycaemia) 

e. Other adverse reactions: 
i. Allergy 

ii. Skin rash 
iii. Renal impairment –  

1. similar mechanism of NSAIDs (inhibition of PGI2/E2 which causes 
renal vasodilatation) 

2. NAPB covalent binding to renal papillae  cell death  
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1993 Write about the pharmacology of ketorolac  

 
Property Ketorolac 

Physiochemical 

Group Non-specific COX inhibitor, NSAID 

Structure 

 
Formulation PO tablet 

IV formulation 

Pharmacodynamics 

Use Moderate analgesia 

Dose 40mg max daily dose 

Mechanism COX-2 block: ↓ inducible PG synthesis  analgesia, anti-inflammatory, anti-pyretic  
COX-1 block: ↓ homeostatic PG/TXA synthesis  ↓ GI mucosal protection, renal 
vessel vasoconstriction, platelet inhibition 

GI GI mucosal damage: bleeding, ulcers, gastritis 

Renal Renal vasoconstriction  ARF in low volume states 
Analgesic nephropathy with chronic use  interstitial nephritis 
Hepatotoxicity – LFT derangement 

CVS ADH  secretion  fluid retention 
Bleeding (platelet inhibition) 

Resp Diversion leukotriene pathway  NSAID asthma exacerbation 

Other  

Interactions Bleeding with anti-coagulants 
Protein displacement of warfarin, lithium 

Pharmacokinetics 

Absorption  

Distribution Protein binding 99% 

Metabolism Hepatic 

Excretion Renal excretion 
T1/2 = 5 hours 
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MAKE UP Write about the pharmacology of parecoxib  

 
Property Parecoxib 

Physiochemical 

Group COX-2 selective inhibitor, NSAID, intravenous 

Structure 

 
Formulation Powder 40mL reconstituted 2mLs NS 

Pharmacodynamics 

Use Anti-inflammatory 
Analgesic 
Used in low cardiac risk, high GI risk patients 

Dose 40mg IV BD  QID 

Mechanism COX1:COX2 inhibition 1:60 
↓ production of inducible PGx associated with inflammation 
Maintains production of PGs/TXAs in gastric and platelet homeostasis 

GI ↓ risk GI ulcers, bleeding 

Renal Same risk renal impairment due to ↓ PG vasodilation 

CVS ↑ risk of thrombotic events compared to non-selective COX (↑TXA:PCI ratio) 

Resp Possible ↓ risk NSAID induced asthma  

Other Metabolism inhibited by fluconazole (CYP2C9) 

Pharmacokinetics 

Absorption Only given IV 

Distribution 99% protein bound 

Metabolism Prodrug: hepatic hydrolysis  valdecoxib (Active drug) 
Valdecoxib CYP 450 (2C9)  mostly inactive metabolites (Except one) 

Excretion Inactive metabolites secreted kidney 
T1/2 par = 20 min 
T1/2 val = 8 hours 

 


