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Metabolism – Phase II
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Excretion
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Opioid metabolism
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Ontogeny of morphine elimination pathways

Badee et al.  J Clin Pharmacol 2019; 59: S42-S55.



Ontogeny of morphine elimination pathways

Hahn et al.  Clin Pharmacol Ther 2019; 105: 761-768.



Serum opioid concentrations may not reflect CSF concentrations

Engelhardt.  Cell Tissue Research 2003; 314: 119-129.
Lam et al.  Pediatr Res 2015; 78: 417-421.



Opioid receptor ontogeny

Nandi, et al, Fitzgerald.  Pain 2004; 111: 38-50.

µ-opioid receptor expression in rat dorsal root ganglion Opioid responsive cells in rat dorsal root ganglion



Nandi, et al, Fitzgerald.  Pain 2004; 111: 38-50.

Adult rat dorsal root ganglion
(MOR positive small and medium cells)

Neonatal rat dorsal root ganglion
(Diffuse distribution of MOR positive cells)

Opioid receptor ontogeny
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Decreased morphine sensitivity with age in the setting of 
mechanical stimulation

No difference in morphine sensitivity with age in the 
setting of thermal stimulation

Opioid receptor ontogeny



Developmental impact
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Morphine and developmental outcomes in preterm infants

Zwicker, Miller, et al.  J Pediatr 2016; 172: 81-7.
Chau et al, Grunau.  EBioMedicine 2019; 40: 655-62.

Median morphine dose = 1.905 mg/kg, p=0.04

Morphine exposure significantly associated with poorer 
motor scores (p<0.001) and cognitive outcomes (p=0.006) 
at 18 months CA
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UGT 1A6?



Morphine pharmacokinetics in therapeutic hypothermia
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Ontogeny of major hepatic CYP enzymes
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Fentanyl pharmacokinetics in preterm neonates

Voller, Flint, DINO study group.  Arch Dis Child Fetal Neaontal Ed 2019; 104: F598-F603.



Developmental formulations

• 1 mcg/kg x 1 kg ÷ 50 mcg/mL = 0.02 mL • 1 mcg/kg x 1 kg ÷ 5 mcg/mL = 0.2 mL

McCluskey et al.  Am J Health Syst Pharm 2009; 66: 860-863.



Acetaminophen metabolism
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Ontogeny of acetaminophen elimination 
pathways in VPT neonates



Ontogeny of acetaminophen 
elimination pathways

Ladumor et al.  Drug Metab Dispos 2019; 47: 818-831.



Acetaminophen PD

Allegaert et al.  Paediatr Anaesth 2013; 23: 45-50.



Local anesthetics in brief
• Metabolism mediated by CYP enzymes, highly protein bound

0-1 month receiving 0.2 mg/kg/hr 1-12 years receiving 0.4 mg/kg/hr

Aarons et al.  Br J Anaesth 2011; 107: 409-424.



Are we there yet?

Verscheijden et al.  PLoS Comput Biol 2021; 17: e1008786.
Eerdekens et al, van den Anker.  J Pain Res 2019; 12: 1649-1664.

We are close for some drugs, with a reasonable understanding 
of the ontogeny of distribution (including secondary sites), 
metabolism, elimination, and receptor expression.



My tentative conclusions

• We have made tremendous progress to understand the ontogeny of 
various systems impacting drug pharmacokinetics
• Pharmacokinetic extrapolation across age groups is hindered by the 

importance of all aspects of developmental pharmacokinetics

• Larger gaps exist in our knowledge of effective site concentrations 
and receptor ontogeny.  
• Different classes of drugs have different pitfalls.
• Both short-term and long-term safety studies are vital.
• Formulation may influence short-term safety.


