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Obstetric Pharmacology 

Pharm-02B1/95B6 Outline the influences of pregnancy on pharmacokinetics  

 
Pregnancy Mechanism Effect 

Absorption 

↓ gastric 
motility 

Gravid uterus 
compresses stomach 
Progesterone 

↓ PO absorption of most drugs. 
↑PO absorption acidic drugs 

Vomiting  ↓ contact with gastric mucosa  ↓absorption 

↑ RR, TV  MV 
↓FRC 

Progesterone  ↑MV  ↑FA/FI  ↑Speed onset inhalational agents 
↓MAC (progesterone effect) 

↑CO ↑circulating 
volume, peripheral 
vasodilation 
(progesterone, PGs) 

Inhalational:↑CO  ↑FA/FI  ↓speed onset  overall NO change 
Transdermal/IM/SC: ↑CO  maintain concentration gradient for 
absorption (Fick’s equation)  ↑speed onset 
IV: ↑CO  ↓arm-brain time  ↑speed onset induction agents 

↑Epidural vein 
size 

↓epidural space 
volume 

blood vessel engorgement  ↓epidural space  ↓ dose required 
for neuraxial block (30-50%) 

Distribution 

↑TBW 50% ↑ plasma 
volume term 

↑VD  ↑ loading dose 

↓albumin Dilutional due to 
↑TBW 
40  25g/L 

↑unbound drugs  ↓ dose required 
Competition with non-esterified fatty acids (↑late pregnancy) 

↑Body fat  Contributes to ↑VD for polar substances 
Sequestration of lipid soluble drugs (e.g. Thiopentone, amiodarone) 

Foetal 
distribution 

Placental circulation Lipophilic small drugs penetrate the placental membrane  ↑ VD 
to include foetal circulation 
This is prolonged by ion trapping (foetal pH < maternal pH). 

Metabolism 

Hepatic BF Unchanged  

Induction 
Inhibition 

Progesterone 
Oestrogen 

Relative enzyme change depends on progesterone : oestrogen ratio 

↓cholinesterase  No effect for suxamethonium due to ↑VD 
↓ metabolism of ester local anaesthetics 

Elimination 

↑GFR ↑plasma volume,  
↑CO 

↑ clearance of renally excreted drugs 

↑MV Progesterone ↑washout volatile anaesthetics 
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Pharm-08B5 Outline how the pharmacokinetics of morphine, bupivacaine and suxamethonium differ 
in the neonate compared to the adult. Briefly describe the clinical implications of these differences. 

1. The neonate has several physiological differences compared with the adult which in general, 
render it less able to metabolise drugs, making them more susceptible to toxicity.  

a. Neonate: age from delivery – 28 days 
b. Morphine: phenanthrene opioid analgesic. Dose 0.1mg/kg. 
c. Bupivacaine: amide local anaesthetic. Dose <2mg/kg. 
d. Suxamethonium: depolarising neuromuscular blocker. Dose 1mg/mg. 

Property Neonate compared to adult 

Absorption ↓ gastric emptying  ↑ gastric absorption, ↓SI absorption 
↓ oral absorption due to ↓ compliance, vomiting, regurgitation 
Erratic skin blood supply  IM, transdermal, SC less predictable absorption. 

Distribution ↑ ECF volume (↑water)  ↑ VD 
↓ plasma protein levels (albumin + α1 acid glycoprotein)  ↑ unbound drug 
↑ circulating fatty acids  competition for protein binding  ↑ unbound drug 
↓neonatal pH  change proportion of ionised, unionised drugs 
↑ RR:TV ratio in neonates  ↑MV x1.5 compared to adults (220mLs/kg vs. 140mL/kg) 
Immature BBB  ↑penetration lipid soluble drugs 

Metabolism ↓ liver enzymatic activity  ↓hepatic metabolism 
↓CYP450 functionalisation 
↓plasma cholinesterase levels 

Excretion ↓ GFR (10% adult)  ↓ renal clearance of drugs 
↓tubular secretion mechanisms 

Drug 

Morphine A: ↓PO absorption, ↓ bioavailability, Erratic IM/IV absorption 
D: ↓ protein binding  lower doses needed, immature BBB  ↑CNS effects of opioids 
M: ↓ hepatic glucoronidation  ↑T1/2  ↑ duration action 
E: ↓renal excretion morphine, M-6-G  ↑ duration action 

Bupivacaine A: erratic cutaneous absorption, safe dose < 3mg/kg 
D: ↓α-acid glycoprotein binding  ↑free drug, pKa 8.1 base  ↑ionisation at neonatal 
pH  ↓speed onset 
M: ↓hepatic metabolism  ↑duration action, ↑likelihood cardiac, neural toxicity 
E: ↓excretion (↑toxicity) as 16% excreted unchanged 

Suxamethonium A: IV administration only 
D: ↑VD  ↓concentration reaching NMJ 
M: ↓plasma cholinesterase  ↑ duration activity 
Overall no change in effect as forces balance each other. 
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Pharm-03B8 Outline the pharmacological differences between neonates and adults with reference to 
sevoflurane, vecuronium and morphine. 

1. The neonate has several physiological differences compared with the adult which in general, 
render it less able to metabolise drugs, making them more susceptible to toxicity.  

a. Neonate: age from delivery – 28 days 
b. Morphine: phenanthrene opioid analgesic. Dose 0.1mg/kg. 
c. Sevoflurane: halogenated volatile anaesthetic.  
d. Vecuronium: aminosteroid non-depolarising muscle relaxant. Dose 0.1mg/kg. 

 
2. Pharmacodynamic: what the drug does to the body systems. 

Property Neonate compared to adult 

CVS ↑cardiac index (CO/BSA) compared to adult 

Respiratory ↑RR > TV  MV 1.5 adult (220mls/kg vs. 140mls.kg).  
↓respiratory reserve 

CNS Immature BBB with ↑permeability drugs 
NMJ neonate contains less ACh than adult 

Drug 

Morphine Crosses BBB  ↑ respiratory depression effect esp pre-term infants 

Sevoflurane  MAC neonate > MAC adult, but MAC pre-term < MAC adult 

Vecuronium Longer recovery time due to ↓ACh stores (competitive inhibition)  

 

3. Pharmacokinetic: what the body does to the drug.  

Property Neonate compared to adult 

Absorption ↓ gastric emptying  ↑ gastric absorption, ↓SI absorption 
↓ oral absorption due to ↓ compliance, vomiting, regurgitation 
Erratic skin blood supply  IM, transdermal, SC less predictable absorption. 

Distribution ↑ ECF volume (↑water 75% vs. 60%)  ↑ VD 
↓ plasma protein levels (albumin + α1 acid glycoprotein)  ↑ unbound drug 
↑ circulating fatty acids  competition for protein binding  ↑ unbound drug 
↓neonatal pH  change proportion of ionised, unionised drugs 
↑ RR:TV ratio in neonates  ↑MV x1.5 compared to adults (220mLs/kg vs. 140mL/kg) 
Immature BBB  ↑penetration lipid soluble drugs 

Metabolism ↓ liver enzymatic activity  ↓hepatic metabolism 
↓CYP450 functionalisation 
↓plasma cholinesterase levels 

Excretion ↓ GFR  ↓ renal clearance of drugs (RBF 5%CO term, 10% 7 days, 25% one year) 
↓tubular secretion mechanisms 

Drug 

Morphine A: ↓PO absorption, ↓ bioavailability, Erratic IM/IV absorption 
D: ↓ protein binding  lower doses needed, immature BBB  ↑CNS effects of opioids 
M: ↓ hepatic glucoronidation  ↑T1/2  ↑ duration action 
E: ↓renal excretion morphine, M-6-G  ↑ duration action 

Sevoflurane A: ↑CO  ↓FA/Fi  ↓ speed onset 
↑↑MV  ↑↑ FA/FI  ↑speed onset (overall larger factor than CO) 

Vecuronium A: ↑CO  faster onset action 
D: ↑VD  ↓duration action , ↓protein binding  ↑free drug 
M: ↓hepatic metabolism  ↑duration action 
E: ↓renal excretion  ↑duration action 
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Pharm-07A2 After epidural injection in a health term pregnant woman, discuss the factors 
influencing the distribution of bupivacaine to (a) the maternal CSF and spinal cord; (b) the maternal 
circulation; (c) the foetus. 

1. The epidural route is the most important route for anaesthesia during labour, and bupivacaine is 
the local anaesthetic drug of choice. The pharmacokinetic considerations of bupivacaine 
distribution are important in aiming to achieve therapeutic levels in the CSF/spinal cord, whilst 
minimising systemic side-effects due to distribution to maternal and foetal circulations. 

Epidural injection  CSF/spinal cord 
Epidural injection  maternal circulation  foetal circulation 

 
2. Factor affecting distribution given by Ficks Law: 

𝐃𝐢𝐟𝐟𝐮𝐬𝐢𝐨𝐧 (𝐛𝐢𝐩𝐢𝐯𝐢𝐜𝐚𝐢𝐧𝐞) =  
𝐒𝐨𝐥 𝐱 𝐀 𝐱 ∆𝐏

√𝐌𝐖𝐱𝐓
 

 
3. Epidural injection  CSF/spinal cord 

The injected drug must cross the dura to enter the CSF and exert its block of spinal nerves.  
a. Pressure gradient: 

i. ↑ dose  ↑ pressure gradient  ↑ diffusion 
ii. ↑ conc  ↑ pressure gradient  ↑ diffusion 

b. Surface area: 
i. ↑ volume injection  ↑ surface area for diffusion  ↑ diffusion 

c. Solubility: drug must cross lipid cell membranes, so lipid solubility confers ↑ diffusion 
i. Protein binding: bupivacaine 98% protein bound  2% free for diffusion  ↓ 

diffusion to CSF. Minimised by relatively little protein content of CSF 
ii. Ionisation: bupivacaine pKa 8.4, which means only 11% unionised  low lipid 

solubility  ↓ diffusion 
iii. Bicarbonate: addition of bicarbonate  ↑pH  ↑ unionised drug  ↑ 

solubility for diffusion 
d. CSF flow: ↑ flow will maintain conc gradient for further diffusion 

 
4. Epidural injection  maternal circulation. 

The drug injected must cross epidural space, into maternal epidural veins to reach maternal 
circulation. This is undesirable due to systemic side-effects of bupivacaine (cardiovascular 
collapse, arrhythmias, CNS effects, seizures). 

a. Pressure gradient – as above, ↑ dose/conc  ↑ diffusion into systemic circulation 
b. Surface area: 

i. Labour  straining  engorgement of vessels, ↑ blood flow  ↑ surface area 
for diffusion / maintenance of conc gradient  ↑ diffusion 

ii. Adrenaline  potent vasoconstrictor  ↓ flow and surface area  useful for 
↓ systemic distribution 

c. Solubility: as above, bupivacaine has a relatively high pKa compared to other LAs and 
hence is the preferred choice because less unionised, and less reaches systemic 
circulation (compared to lignocaine, pKa = 7.7). 
 

5. Maternal  foetal circulation 
The drug must then cross the placental barrier to enter the foetal circulation. This is important 
because the foetus has less reserve to metabolise the LA, and hence more prone to systemic 
side effects. 
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a. Pressure gradient – as above, ↑dose/conc  ↑ conc gradient across placenta  ↑ 

diffusion 
b. Solubility: 

i. Maternal protein binding  competition by progesterone surge in labour  ↑ 
free bupivacaine  ↑ available for diffusion 

ii. Maternal pH  ↑ due to resp alkalosis and hyperventilation in labour  ↑ 
unionised portion  ↑ solubility for diffusion 

iii. Foetal pH  generally less in labour, and exacerbated by hypoxia  ↓ 
unionised drug in foetal circulation  ↓ solubility  ‘ion trapping’ in foetal 
circulation  ↑ toxicity.  
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1992 Write short notes on placental transfer of drugs  

1. The placental is a fetomaternal organ which is an interface between the maternal and foetal 
circulations and has important transport, immune, metabolic and endocrine functions. 
Anatomically it consists of: 

a. Maternal circulation – uterine a  spiral a; uterine v  bathe the villi in the intervillous 
space. 

b. Foetal circulation – umbilical arteries x 2, umbilical v 
c. Chorionic villi – lined by syncitiotrophoblast, cytotrophoblast 
d. Intervillous space – bathes the chorionic villi. 

 
2. Methods of drug transfer: the permeability of the placental membrane is similar to other lipid 

containing structures (cell membranes).  It has a large surface area for transfer (16m2) and a 
small diffusion distance (3.5µm). 

a. Simple diffusion: most important and most common (gases, steroids, most drugs). This is 
described by Fick’s Law. 

𝐃𝐢𝐟𝐟𝐮𝐬𝐢𝐨𝐧 =  
𝐒𝐨𝐥 𝐱 𝐀 𝐱 ∆𝐏

√𝐌𝐖𝐱𝐓
 

Diffusion area = 16m2, distance = 3.5µm.  
b. Facilitated diffusion: requires carrier protein (glucose). Drugs related to endogenous 

compounds can be transported this way. 
c. Active diffusion: against concentration gradient using a specific carrier protein which 

uses energy. It may be saturated at high concentrations, and competition may occur 
(amino acids, water soluble vitamins).  

d. Pinocytosis: large molecules in a Ca2+ dependent process (globulins, proteins) 
 

3. Factors affecting drug transfer: 

Factor Description 

Lipid solubility Lipophilic molecules readily diffuse, hydrophilic do not 

Ionisation Non-ionised fraction of drug can diffuse. Ionised cannot. 

Maternal pH Affects the degree of ionisation. Generally maternal pH > fetal pH  ion trapping of basic 
drugs in foetal circulation.  

Protein binding Unbound fracture diffuses 

Concentration 
gradient 

Larger concentration in maternal circulation  ↑transfer 

Placental BF Maintains concentration gradient with higher flow 

MW drug Drugs > 500 Da have difficulty crossing by diffusion 

a. Diffusible drugs: flow limited diffusion 
b. Non-diffusible drugs: diffusion limited 

 
4. Important substances transferred: 

Drug Examples 

Gases O2, CO2  

Nutrients Glucose, amino acids 

Electrolytes Na, K, Cl, Ca 

Infectious agents CMV, HIV 

Immunoglobulins Anti-Rh antibodies 

Drugs Cocaine, alcohol, phenytoin, 
analgesics, sedatives 
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5. Drugs in anaesthesia: 

Group Transfer 

Opioids: 
 
Pethidine 
Morphine 
Fentanyl 

All opioid cross the placental membrane to some extent – thus neuraxial anaesthesia 
preferred to pure IV opioid use. 
High unrestricted transfer rate due to lipid solubility and 50% protein binding 
Poorly soluble, weakly protein bound so crosses membrane 
Highly lipid soluble but highly protein bound, crosses membrane 

Local 
Anaesthetics 

Cross the placenta by simple diffusion as they generally have low MW, high lipid solubility and 
low ionisation. 
Ion trapping is common as most are basic and trapping in the acidic foetal circulation 

Volatile Highly lipid soluble with low MW   rapid gas transfer 
Halothane F:M = 0.87 
Diffusion hypoxia can occur with nitrous oxide prior to delivery 

IV induction 
agents 

Thiopentone rapidly crosses the placenta (highly lipid soluble, 75% protein bound) 

NMBDs Highly ionised, poorly lipid soluble and generally do not cross the placenta 

Sedatives Benzodiazepines rapidly cross (especially diazepam) 

Anti-
cholinergics 

Transfer ability analogous to BBB permeability. 
Atropine crosses (lipid soluble), glycopyrrolate does not (water soluble) 
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Pharm-09B6 Discuss the pharmacodynamics of drugs that affect uterine tone 

1. The uterus is a female reproductive organ responsible for the protection of the growing foetus 
and delivery at conception.  Drugs are used to augment tone: 

a. ↑tone: induction, acceleration of labour, treatment post-partum haemorrhage 
b. ↓tone: prevent, slow-down labour 

 
2. Uterine tone: the uterus consists of smooth muscle with intrinsic pacemaker control which 

undergoes rhythmic contractions. This is under control of the  
a. Sex hormones. 

i. Oestrogen hypopolarises myocytes (relaxed during 1st part cycle) 
ii. Progesterone hypopolarises myocytes. (contracts towards end cycle) 

b. Nervous system: SNS 
i. β2 relaxes (Adrenaline) 

ii. α1 contracts (noradrenaline) 
 

3. Drugs altering uterine tone: 
↑Tone ↓Tone 

Oxytocin 
Ergotamine 
Oestrogen 
Prostaglandins E/F 
Nitrous oxide 

Progesterone 
Mg2+ 

β2 agonists (salbutamol) 
Ca2+ blockers 
Nitrates – GTN 
Volatile anaesthetics 
NSAIDs 

4. Important uterine drugs: 

Drug Pharmaceutical Mechanism Side-effects 

↑Tone 

Oxytocin Endogenous 
neurohypophyseal 
hormone produced in 
hypothalamus  
Posterior pituitary. 
IV 5-10IU/mL 
 
Use: induction labour, 
PPH, lactation aid 

Oestrogen ↑oxytocin receptors 
late pregnancy. 
Oxytocin  binds to GQCR receptor 
 IP3/DAG  Ca2+  increased 
smooth muscle excitability of 
myometrium. 
Low dose: Regular co-ordinated 
contractions with ↑force, 
frequency but complete relaxation 
in between. 
High dose: sustained contractions, 
incomplete relaxation, impairment 
of uterine/placental BF. 

CVS: vasodilation  ↓SVR 
 reflex ↑HR. 
↓coronary perfusion, ↑QT 
interval. 
Renal: Mild ADH effect  
fluid overload in renal, 
cardiac failure or eclampsia 
Foetal: high dose  ↓BF  
foetal asphyxia 
Endo: milk expression from 
ducts. 

Ergotamine Ergot alkaloid from 
fungus. 
IM 500µg/mL 
 
Use: PPH 

Agonist at α1, 5HT, and D 
receptors. 
↑ force uterine contractions with 
↑ basal tone. 
Activity dependent: minimal effect 
in already contracted uterus, but 
large effect on relaxed uterus. 

CVS: peripheral 
vasoconstriction (α1)  
↑MAP, ↓coronary perfusion 
CNS: N+V due to D2R 
stimulation, blurred vision, 
headaches (constriction), 
seizures, hallucinations (5HT2 
blockade).  
Obs: abortion 

PGE/F Endogenous PGs are ↑sensitivity to PGs in gestation.  Resp: Dinoprost causes 
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produced by 
myometrium. 
PGE2 Dinoprostone 
PGF2α carboprost 
PGE1 Misoprostol 
PGE – intravaginal, 
uterine injection 
PGF – IM injection 
 
Use: 
Induction labour, ripening 
cervix, abortion 

PGE/F promote co-ordinated 
contractions with ↑basal tone and 
cervix relaxation.  

bronchospasm, CV collapse 
(local injection only) 
Uterine pain, spasm 
N+V 

↓Tone 

NSAIDs Use: 
dysmenorrhoea, 
menorrhagia 

↓PGE/F  ↓painful contractions 
↓PGE/I   ↓vasodilation and 
platelet inhibition 

GI ulcers 
Renal failure 
HTN 
Prevents closure of DA 

β2 agonists Use: 
Prevent premature labour 
in early contractions 

Delay delivery by 48 hours  

Atosiban Use: inhibit premature 
labour 

Antagonist at oxytocin receptor CVS: vasodilation 
GI: N+V 
Rash 

  



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

 
Pharm-00A12/96B14 Outline the pharmacology of oxytocin 

 
Property Oxytocin 

Physiochemical 

Group Endogenous nonapeptide hypophysial pituitary hormone analogue. 

Isomers Nil 

Use Induction labour 
Post-partum haemorrhage 
Lactation 

Presentation IV 5-10IU/mL Syntocinon 

Intrauterine: 10U oxytocins + 500g ergotamine (syntometrine) 
Cannot be administered with plasma/blood – rapid hydrolysis 

Pharmacodynamic 

Mechanism Pregnancy: oestrogen  ↑ oxytocins receptors  sensitises  
Oxytocin  binds to GQCR receptor  IP3/DAG  Ca2+  ↑ smooth muscle excitability of 
myometrium. 
Low dose: Production of ↑ force, frequency of contraction with complete relaxation 
High dose: Sustained contractions with incomplete relaxation, and impaired uterine/placental 
blood flow. 

Dose Infusion: 1U/min  20U/min 
IM: 10U at delivery 

Duration Short duration 10-20 minutes 

System : 
CVS 
 
Renal 
 
Endocrine 

 
Vasodilation  hypotension, tachycardia (exacerbated with volatiles), flushing 
Reduced coronary perfusion  flat T waves, ↑ QTc 
ADH-like effect with agonism at V2 receptors  water retention  fluid overload, 
hyponatraemia in susceptible patients 
Stimulation of mammary myoepithelial cells  lactation 

Toxicity Fluid overload in cardiac, renal failure or pre-eclampsia 
Uterine spasm, rupture 
Sudden cessation  uterine atony and exacerbation of PPH 
Foetal asphyxia due to decrease BF 

Interactions Suxamethonium: ↑ dose required due to ablated fasciculations  

Pharmacokinetic 

Absorption Poor PO availability due to chymotrypsin inactivation 1st pass. Given IV/IM/intrauterine/IN 

Distribution Unknown 

Metabolism Rapid plasma hydrolysis  oxycinase 

Excretion T1/2 = 1-7 min 
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1994 Give a brief account of the pharmacological actions and side effects of prostaglandins used in 
obstetrics  

1. Prostaglandins are endogenous molecules produced from the metabolism of cell membrane 
phospholipids. The endometrium and myometrium produce prostaglandins which are important 
for the regulation of uterine tone and contractions during pregnancy and labour. PG analogues 
are important obstetric drugs.  

Drug Actions Use Side-effects 

PGE2 Dinoprostone PGE/F are produced by the 
myometrium and cause co-
ordinated forceful 
contractions of the uterus 
during pregnancy. They 
also relax the cervix. 
Secretion controlled by 
oestrogen in a positive 
feedback system.  
PGF2α important for 
ischaemic necrosis of 
endometrium causing 
menstruation. 
PGE/I account for 
vasodilation and platelet 
inhibition of menstrual 
bleeding. 

Intravaginal tablets, gels, 
injections. 
Induction of labour and ripening 
of cervix. 

Systemic 
bronchospasm 
cardiovascular collapse 

PGE1 Misoprostol Intravaginal injection 
Cause abortion in early middle 
pregnancy. 

Uterine pain 
Abortion 

PGF2α carboprost Intramuscular injection 
Induction of labour and ripening 
of cervix 

Uterine pain, spasm. 

NSAIDs Inhibit formation of PGF/E. Dysmenorrhoea 
Menorrhagia  

Maintains ductus 
arteriosus  shunt. 

 


