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INTRODUCTION

Use of opioid analgesics is widespread in the United 
States, where 100 million adults reportedly suffer from 
chronic pain [147]. Opioids exert analgesic effects 
at mu (μ), delta (δ), and kappa (κ) receptors, which 
affect the modulation of pain within the central nervous 
system (CNS), peripheral neurons, ectodermal cells, and 
neuroendocrine and immune systems [346]. Analgesia 
results from diminished nociceptor excitability, reduced 
action potential proliferation, and decreased release of 
infl ammatory neuropeptides at nerve terminals [303]. 
Mu opioid receptors (MOR) are also expressed in enteric 
neurons and assist with gut nociception, motility, and 
secretion [259]. Activation of MORs results in both the 
analgesic actions associated with opioid administration and 
major side effects, including CNS depression, drowsiness, 
constipation, respiratory depression, and dependence [254].

Although opioids are a mainstay of chronic pain 
management, their long-term safety and effectiveness 
have been questioned [99], as they have also contributed 
to a signifi cant increase in drug-poisoning deaths [43]. 
Therapeutic response to opioids may be highly variable 
depending on the drug’s potency, chemical properties, 
metabolism, drug disposition, and pharmaceutical dosage 
preparation, as well as patient-specifi c factors such as diet, 
drug ingestion, weight, genetic makeup, and disease states. 
Clinical management requires careful patient monitoring. 
Drug testing of biologic specimens such as urine, oral 
fl uid, and blood have become commonplace in assessing 

compliance to long-term opioid therapy [8]. Attention 
has recently increased on the use of pharmacogenetic 
testing and evaluation of drug-drug interactions to assess 
risk of toxicity and improve patient outcomes [162,257]. 
Knowledge of opioid metabolism and disposition in 
biologic fl uids is critical for proper patient assessment 
and interpretation of toxicology results.

I. MORPHINE

Morphine is the standard analgesic to which other 
opioids are compared. It is available in numerous dosage 
forms including immediate and extended-release capsules 
and tablets, oral solutions, suppositories, and solutions 
for subcutaneous, intramuscular, intravenous, epidural, 
or intrathecal injection. Morphine is also produced from 
metabolism of codeine and heroin. It follows three known 
metabolic pathways (glucuronidation, sulfation, and 
N-demethylation) and one uncharacterized metabolic 
pathway leading to formation of hydromorphone. The 
primary metabolism of morphine is by glucuronidation 
to morphine-3-glucuronide (50%) and morphine-6-
glucuronide (10%), and trace amounts of morphine-
3,6-diglucuronide [46,338]. The glucuronidation of 
morphine is accomplished by uridine 5’-diphospho-
glucuronsyltransferase (UGT) enzymes in the intestine 
and liver [241], although UGT activity in the brain has 
also been described [327]. UGT2B7 is the chief enzyme 
involved, though to a lesser extent 1A1 and 1A8 isoforms 
may contribute to morphine-6-glucuronide formation and
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