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Autonomics 

Pharm-05A8 Outline the pathology of acute anaphylactic reactions with reference to the mediators 
released and their effects. Outline the role of epinephrine and its mechanisms of action in treating 
anaphylaxis.  

1. Acute anaphylaxis is a severe life-threatening type I hypersensitivity mediated by IgE antibodies.  
a. Pathology: 

i. 1st exposure to antigen (drug – NMBD, penicillins, food) 
ii. Antigen recognised by helper T lymphocytes  stimulation of B lymphocytes  

production of specific IgE antibodies 
iii. Circulating IgE attach to mast cells (basophilis in circulation)  sensitisation 
iv. 2nd exposure to antigen  attach to IgE antibody on mast cells 
v. Mast cells degranulate, releasing mediators which are responsible for clinical 

anaphylaxis. 
b. Mast cell mediators: 

 Mediator Site  Effect 

Histamine H1 receptors 
Smooth muscle 

Vasodilation  angioedema, hypotension 
↑ permeability 
bronchoconstriction 

Bradykinin Endothelium ↑ production prostacyclin, NO  vasodilation 
↑ permeability 

Prostaglandins Endothelium Vasodilation  

Leukotrienes 
LTC4,D4,E4 

Smooth muscle 
Endothelium 

Bronchoconstriction 

Serotonin Smooth muscle 
Endothelium 

Vasoconstriction 
Bronchoconstriction 
Platelet aggregation 

2. Clinical effects: 
a. Hypotension, circulatory collapse 
b. Angioedema, bronchoconstriction  obstructed airway 

 
3. Role of Adrenaline 

Property Adrenaline 

Use Acute anaphylaxis 

Formulation Clear solution 1:1000 (1mg/mL, 0.1%) or 1:10000 (0.1mg/mL) 

Dose IM 0.5-1mg 
IV 50-100mcg bolus (↑ effect with repeat doses) 
NEB 1mg 

Mechanism α1, and β agonist at high doses given: 
- peripheral vasoconstriction  ↑ VR, ↑ CO, ↑ MAP 
- mast cell stabiliser 
- bronchodilation 
- cardiac inotropes 

Side-effects α1: hypertension, peripheral ischaemia 
β1:palpitations, arrhythmia, cardiac ischaemia 
β2:tremor, headache 

Adjunctive treatment Airway support 
Aggressive fluid management 
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Anti-histamines, steroids 

Pharm-04A7 Describe the mechanism of action of inotropes and provide examples.  

1. Inotropes are drugs which increase the contractility of the heart (↑ stroke volume independent 
of venous return or systemic vascular resistance).  
 

2. Mechanism for cardiac contractility: 
a. Excitation-contraction in the cardiac myocyte: 

i. Action potential  opening of Ca2+ channels 
ii. Ca2+ channels are GPCR which are activated by ↑cAMP 

iii. ↑ intracellular Ca2+  release of Ca2+ from sarcoplasmic reticulum 
iv. Ca2+ binds troponin-C which initiates the actin-myosin contraction. 
v. The degree of contraction is proportional to the amount of intracellular calcium 

available for binding to troponin-C. 
b. Thus factors which ↑ contraction: 

i. ↑ intracellular Ca2+  
ii. ↑cAMP 

 
3. Inotropes: 

Group Examples Mechanism 

β agonists Dobutamine 
Isoprenaline 
Adrenaline 
Noradrenaline 

Agonist at β1 receptors (GS PCR)  ↑adenylyl cyclase  ↑cAMP 
 ↑ Ca2+  

Indirect 
sympathomimetics 

Metaraminol 
Ephedrine 

Direct: agonist at β1 receptors (GS PCR) 
Indirect:  
↑noradrenaline release from vesicles  ↑ activation 
adrenoreceptors (predominantly α) 
↓ noradrenaline reuptake (uptake 1) by transporter 

Glycosides Digoxin Binds to oubain site on Na/K ATPase channel  blocks Na/K 
exchange  ↑ Na+

I  ↓ gradient for Na/Ca exchange  ↑Ca2+
i  

Methylxanthines Theophylline 
Milirone (PDE III 
inhibitor) 

Phosphodiesterase inhibitor  ↓ breakdown cAMP  ↑cAMP 

Glucagon Glucagon Agonist at GS PCR  ↑adenylyl cyclase  ↑cAMP  ↑ Ca2+ 

Calcium IV calcium IV administration  ↑Ca2+
e  ↑Ca2+

i   

Ca sensitiser Levosimendan ↑ Ca2+ interaction with troponin C  ↑ contractility without 
↑Ca2+  
↑ ATP-dependent K channels in mitochondrial membrane  
ischaemic preconditioning 
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Pharm-06B1/98A14 Describe the use of different sympathomimetics/vasoconstrictors to treat 
hypotension occurring as a result of subarachnoid block. Outline the advantages and disadvantages 
of these agents.  

1. Subarachnoid block involves the administration of local anaesthetic agents (typically 
bupivacaine) into the subarachnoid space in order to achieve regional anaesthesia. 
 

2. Hypotension in subarachnoid block: 
a. Anatomy: the preganglionic sympathetic nerve fibres run in the IML spinal cord and are 

prone to block by local anaesthesia in the subarachnoid space. 
i. T1-4:  Vasomotor to aorta, and sympathetic outflow to cardiac 

ii. T5-L3: Vasomotor to abdominal organs, peripheral muscles, renal plexus, 
lower limbs 

b. Mechanism:  
i. Mid thoracic block: ↓ sympathetic supply to peripheral vessels  vasodilation 
 ↓ BP  baroreceptor reflex  mild ↓BP (compensated), ↑HR, CO 

ii. High thoracic block: ↓ sympathetic supply to  heart and peripheral vessels  
uncompensated ↓SVR, HR, CO, BP  profound hypotension. 

c. Therefore, ↓ BP due to: 
i. ↓ sympathetic input to heart  ↓SV, HR  ↓CO 

ii. ↓ sympathetic input to peripheral vasculature  
1.  venous pooling (up to 75% blood volume)  ↓VR  ↓CO 
2.  vasodilatation  ↓SVR 

 
3. Pharmacological agents: 

Example BP HR CO Advantages Disadvantages 

α1 agonists – Arteriole constriction  ↑SVR, Venous constriction  ↑VR 

Noradrenaline 
Infusion 0.05-
0.5 µg/kg/min 

↑ ↓ ↓ ↑ coronary perfusion 
 

Reflex ↓HR (baroreceptor reflex)  ↓CO 
Arrhythmogenic 
↑CMRO2  
Tissue necrosis in extravasation 
Interact MAOIs 
Require CVC 

Phenylepherine 
IV 50-100 µg 
bolus 

↑ ↓ ↓ Non-arrhythmogenic Reflex ↓HR (baroreceptor reflex)  ↓CO 
Short duration bolus 5-10min 
 

β1 agonists - ↑HR, contractility (SV)  ↑CO  ↑MAP 

Isoprenaline ↑ ↑ ↑  Do not correct underlying cause of 
hypotension (peripheral vasodilation) 

Dobutamine 
Infusion 0.5-20 
µg/kg/min 

↑ ↑ ↑  Do not correct underlying cause of 
hypotension (peripheral vasodilation) 
Nausea and vomiting 

Dopamine 
Infusion 0.5-20 
µg/kg/min 

↑ ↑ ↑ Additional indirect effect 
 ↑ NA release nerve 
terminals 
Less arrhythmogenic 

Infusion required 
Need CVC 
Very short acting 10min 
Nausea + vomiting 
Interact MAOIs 

Mixed α/β – combination of above 

Adrenaline 
IV 0.5-1mg 
bolus 
Infusion 0.01-
0.5µg/kg/min 

↑  ↑ Drug of choice for acute 
resuscitation of spinal 
block. 
 
 

Extravasation  Tissue necrosis 
Arrhythmogenic 
↑CMRO2  Cardiac ischaemia 
↓RBF 
Hyperglycaemia 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Pharm-06B1


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

 

 

CVC for infusion 

Indirect - α > β effect, ↑NA release from nerve endings , Inhibits uptake 1, Inhibits MAO 

Metaraminol 
IV bolus 0.5-
2mg 

↑ ↓ ↓ 1:20 dilution 
Long action (1 hour) 

Extravasation  Tissue necrosis 
 

Ephedrine ↑  ↑ Drug of choice for 
obstetrics populations. 
Lower risk maternal HTN 
compared pure α-
agonists. 
Rapid onset (1-2min) 
Not metabolised by 
MAO/COMT  longer 
duration action (4 hours) 
↑ coronary perfusion 
Peripheral IVC ok 

Poorer cord gas pH 
Tachyphylaxis (depletion of NA stores) 
Arrhythmogenic 
Renal-dependent excretion 
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Pharm-07A8/04B8 List the classes of drugs used clinically to treat chronic left ventricular failure. 
Outline their mechanisms of action.  

1. Left ventricular failure is a syndrome whereby the heart fails to provide sufficient cardiac output 
to meet the metabolic demands of the body’s organs. 
 

2. Mechanisms of LVF: 
a. Pressure overload due to ↑afterload 
b. Volume overload due to ↑preload 
c. Contractility failure due to inherent pump failure:  

i. Systolic dysfunction (inadequate systolic pumping) 
ii. Diastolic dysfunction (inadequate diastolic filling) 

 
3. Pharmacological treatment. 

Drug class Cellular Mechanism Physiological mechanism 

Glycosides - digoxin Inhibits Na/K ATPase in cardiac myocyte  ↑Ca2+ 
available for myocyte contraction 
Direct ↑ vagal cardiac activity  ↑ filling time 
Nil improvement mortality 

↑ contractility 

Methylxanthines – 
theophylline, 
milirone 

Inhibits PDE  ↑cAMP  ↑Ca2+ entry into cells  ↑ 
myocyte contractility 

↑contractility 

β-blockers – 
carvedilol, 
metoprolol 

Inhibits renal β1 receptors  ↓ renin release  ↓ 
activity Ang II 
Inhibits cardiac β1 receptors  ↓contractility  
↓CMRO2  

↓ afterload 
↑ diastolic filing time 

ACE inhibitors / ARBs 
– ramipril, enalapril, 
losartan 

Inhibits ACE found in lung: Ang I  Ang II 
↓Angiotensin II  peripheral vasodilation (AT1R) 
↓ aldosterone  ↓H2O/Na retention in DCT via Na/K 
exchange pump  ↓fluid volume 
↓ circulating catecholamines  vasodilation  
↓LV remodelling after AMI 

↓ afterload 

Ca2+ blockers - 
amlodipine 

Inhibits L-type Ca-channels in smooth muscle membrane 
 ↓Ca available for excitation-contraction  peripheral 
vasodilation 

↓afterload 

Nitrates - GTN Binds to GPCR  ↑cGMP  ↑ activity MLC phosphatase 
 vascular smooth muscle relaxation 

↓preload 

Peripheral 
vasodilators – 
hydralazine 

NO-mediated vaso/venodilation  ↓ afterload/preload ↓afterload/preload 

Loop diuretics - 
frusemide 

Inhibits Na/K/Cl ATPase pump in TALH  ↓Na 
reabsorption  ↑Na and osmotic water excretion 
↓ fluid volume 
↓preload before diuretic effect 

↓preload 

Thiazide diuretics - 
HCT 

Inhibits Na/Cl pump in DCT  ↓Na reabsorption  ↑Na 
and osmotic water excretion 

↓preload 

Aldosterone 
antagonists - 
spironolactone 

Inhibits aldosterone effect on Na/K exchange pump in CD 
 ↓Na reabsorption  ↑Na and osmotic water 
excretion 

↓preload 

K-sparring diuretics - 
amiloride 

Directly inhibits Na/K exchange pump in CD  ↓Na 
reabsorption  ↑Na and osmotic water excretion 

↓preload > afterload 
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Pharm-05A7/00A11/97A11 Outline the main biochemical events involved in noradrenergic 
transmission. Outline how these may be altered by the use of MAO (monoamine oxidase) inhibitors.  

1. Catecholamines are a group of hormones/neurotransmitters important in the regulation of the 
autonomic (post-ganglionic sympathetic nerve endings) and central nervous systems.  
 

2. Synthesis: 
Substrate Location Enzyme 

Phenylalanine Liver Phenylalanine hydroxylase 

Tyrosine (diet) Cytoplasm Tyrosine hydroxylase 

DOPA Cytoplasm DOPA decarboxylase 

Dopamine Cytoplasm Dopamine β-hydroxylase 

Noradrenaline Cytoplasm PMNT 

Adrenaline Adrenal  

 
 

 
 

3. Storage: NA stored in small granular vesicles in the nerve terminal of post-ganglionic fibres. 
 

4. Release: 
a. AP  opening of voltage gated Ca2+ channels  Ca2+ influx 
b. ↑ Ca2+  exocytosis of vesicles containing NA 

 
5. Action:  

a. binds to post-synaptic adrenergic receptors (α>β)  exert cellular effects 
b. binds to presynaptic  α2 receptors  negative feedback ↓ release by ↓ Ca2+ 

 
6. Metabolism/re-uptake: 

a. Uptake 1 – reuptake into presynaptic neurones, major pathway 
i. broken down by MAO deamination  3,4 dihydroxymandelic acid (DOMA), 

DHPG 
ii. either resynthesised into vesicles OR broken down further by COMT 

iii. DOMA,DHPG  VMA, MHPG (excreted in urine) 
b. Uptake 2 – diffusion out of cleft, minor pathway 

i. breakdown by COMT  normetanephrine (excreted in urine) 
c. Monoamine oxidase – 2 types located on outer mitochondrial membrane. 

i. MAO-A: deaminates NA, serotonin, adrenaline 
ii. MAO-B: deaminates tyramine, phenylethamine 

 
7. Monoamine oxidase inhibitors: drugs which ↑ synaptic catecholamines due to inhibition of NA 

metabolism by MAO. 
a. Types: 

i. Irreversible non-selective: phenezine 
ii. MAO-A inhibitors: moclobemide 

iii. MAO-B inhibitors: selegeline 
b. Effect on noradrenaline: dangerous interaction occur with direct and indirect 

sympathomimetics by providing synergistic ↑ NA, serotonin at nerve synapses: 
i. SNS α1 – hypertension, ↑HR, mydriasis 

ii. CNS excitation - ↑ temp, rigidity, seizures (serotonin syndrome) 
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iii. False neurotransmitter accumulation (octopamine)  ↓MAP 
c. Clinical considerations: 

i. Therapeutic Use: 
1. 2nd line antidepressant (↑ central NA, serotonin – amine hypothesis) 
2. OCD 
3. Resistant chronic pain (↑NA at pain synapses in SC) 
4. Parkinson’s – Selegeline (↑dopamine) 

ii. Drug interactions:–  
1. Indirect sympathomimetics:  
2. TCAs 
3. SSRIs 
4. Tramadol 
5. Tyramine foods (cheese)  
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Pharm-09A4/99A11 Compare and contrast atropine and glycopyrrolate. Discuss the clinical 
implications of these differences.   

1. Atropine, hyoscine and glycopyrrolate are anti-cholinergic competitive antagonists at muscurinic 
receptors. 

Property Atropine Hyoscine Glycopyrrolate 

Physiochemical: atropine and hyoscine are tertiary amines  lipid solubility with CNS effects. Clinical use for 
CNS sedation, motion sickness. Glycopyrrolate is water soluble, with no CNS effects so is used mainly for CVS / 
peripheral effects. 

Group Tertiary amine Tertiary amine Quaternary amine 

Isomer Racemic mixture 
Only L-atropine active 

Racemic mixture 
Only L-hyoscine active 

None 

Formulation IV 
Plant alkaloid (ester) 

IV/IM/SC 
Plant alkaloid (ester) 

IV 
Semi-synthetic (acid) 

Clinical use Reversal of 
anticholinesterase toxicity 
Symptomatic bradycardia 
Anti-sialogogue 

Anti-sialogogue 
Motion sickness 
Palliation 
Pre-medication anti-emetic 

Reversal of 
anticholinesterase toxicity 
Symptomatic bradycardia 
Anti-sialogogue 

Pharmacodynamic 

Dose (IV) 0.3-1mg 10-20mg 0.2-0.4mg 

Onset 1min  3min 

Duration 30-60min 30-60min 30-60min 

CNS: 
Sedation 
Amnesia 
↑IOP 
Anti-emesis 
Anticholinergic 
syndrome 

 
+ 
+ 
+ 
+ 
++ 

 
+++ 
+++ 
+++ 
+++\+++ 

None 

CVS: 
Tachycardia 

 
+++ 
Initial bradycardia (partial 
agonist, central vagal) 

 
+ 

 
++ 

Resp: 
Bronchodilation 
Dry secretion 

 
++ 
+ 

 
+ 
+++ 

 
++ 
++ 

GI: 
Antisialogogue 
Constipation 

 
++ 
+ 

 
+++ 
+ 

 
++ 
+ 

Urinary retention ↑  ↑  ↑ 

Other ↓ sweating – atropine fever 
in children 

  

Pharmacokinetic 

Absorption PO unpredictable 10-50% PO unpredictable 10-50% Poor PO, F<5% 

Distribution VD = 3L/kg 
PB = 50% 

VD = 2L/kg 
PB = 10% 

VD = 0.5L/kg 

Metabolism Hepatic / tissue hydrolysis Hepatic/tissue hydrolysis None 

Excretion Urine 15% unchanged Urine 1% unchanged Urine 85% unchanged 
Bile 15% unchanged 
Prolonged in renal failure 
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