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Metabolism 
Opioids undergo phase I oxidation/reduction 

reactions catalyzed by cytochrome P450 (CYP) 
enzymes exposing or modifying functional groups. 
The opioid metabolites formed from phase I 
biotransformation and parent compounds with the 
appropriate functional groups undergo phase II 
conjugation reactions, such as glucuronidation and 
sulfation. The pharmacokinetics of prescription 
opioids have been reviewed recently (1).  

Note: The term “free” is sometimes used to describe 
unconjugated drugs and metabolites, although “free” 
technically refers to those compounds that are not 
protein bound. For the purpose of clarity, the term “free” 
in this article is used to describe unconjugated drugs 
and metabolites. 

2018

Opioids Metabolism
This is the third of a four-part 
Drug Testing Matters series 
on opioids.
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Morphine undergoes extensive phase II conjugation via glucuronidation and sulfation. The conjugate 
morphine-3-glucuronide accounts for approximately 75% of a dose of morphine, while unconjugated 
morphine accounts for approximately 10% of the dose (2). Roughly 5% of a dose of morphine undergoes 
phase I N-demethylation to normorphine (2), primarily via CYP3A4 and, to a lesser extent, CYP2C8 (3). 
Normorphine subsequently undergoes conjugation to form glucuronide and sulfate conjugates accounting 
for about 4% of the dose, with free normorphine representing approximately 1% of the dose (2). Trace 
amounts of morphine-6-glucuronide, morphine-3-ethereal sulfate, and morphine-3,6-diglucuronide are 
also formed during the biotransformation of morphine (2,4). The aspects of the metabolism of morphine 
and other opioids applicable to oral fluid drug and drug metabolite testing have been reviewed recently 
(5). The use of metabolites in hair to distinguish between opioid use and passive exposure has been 
presented (6). Although the glucuronides of morphine are substantially more polar than the parent drug 
and its unconjugated metabolites, the glucuronides of morphine and other opiates, such as codeine, 
hydromorphone, and oxymorphone (vide infra), have been demonstrated in the hair of individuals using 
these drugs (7). 
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A minor metabolic pathway of morphine to hydromorphone has been reported in pain patients 
chronically treated with morphine (8). It has been postulated that morphinone is an intermediate prior to 
the formation of hydromorphone from morphine in this minor metabolic pathway (8).  
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Codeine undergoes O-demethylation to morphine via CYP2D6 and N-demethylation via CYP3A4 to 
norcodeine. It is estimated that about 7% of Caucasians and approximately 1–3% of other ethnic groups 
are CYP2D6 deficient and considered poor metabolizers (9). Codeine and both phase I metabolites, 
morphine and norcodeine, undergo phase II glucuronide conjugation (10). Approximately 5–17% of a dose 
is excreted in the urine as free codeine, and 32–46% is excreted as conjugated codeine. Trace amounts of 
free norcodeine and morphine are detected, with 10–21% and 5–13% found in their respective conjugated 
forms (2).  
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A minor metabolic pathway of codeine converting to hydrocodone has been reported by Oyler et 
al. after controlled codeine administration in human subjects (11). In this study, a purity check of the 
administered codeine was performed to rule out the presence of hydrocodone resulting from a process 
impurity. The metabolic pathway of this formation is poorly defined, and several possibilities, including 
enzymatic rearrangement of codeine or oxidation by an aldo-keto reductase enzyme, has been proposed. 
A third postulated pathway involves a possible codeine dehydrogenase enzyme to form the intermediate 
codeinone that then converts to hydrocodone, similar to the pathway proposed for the formation of 
hydromorphone from morphine (8). Because it has been shown that hydrocodone can be formed—
up to 11%—in the urine after codeine administration, one would also expect to see trace amounts of 
hydrocodone metabolites, such as hydromorphone and norhydrocodone, present in the urine as well. The 
urine codeine metabolic pathway was further defined in pain patients in a later study by Yee et al. (12).
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Hydrocodone undergoes O-demethylation via CYP2D6 to hydromorphone and N-demethylation, 
primarily through CYP3A4, to norhydrocodone (13,14). The reduction of the keto group in 
hydrocodone forms α- and β-hydrocodol, which O-demethylates to α- and β-hydromorphol via 
phase I biotransformation. In a 72-hour urine, 12% of the dose is present as unchanged hydrocodone, 
5% as norhydrocodone, 4% as conjugated hydromorphone, 3% as 6-hydrocodol, and 0.1% as 
conjugated 6-hydromorphol (2). The pharmacokinetic parameters for hydrocodone and its metabolites 
norhydrocodone and dihydrocodeine in blood and oral fluid were established using a 12.1-mg total free 
base dose in a controlled study (15).
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Conjugation
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Hydromorphone undergoes extensive phase II glucuronide conjugation to form hydromorphone-3-
glucuronide. Hydromorphone is also metabolized to α- and β-hydromorphol via a phase I keto reduction 
reaction. Approximately 30% of a dose is present in the urine as conjugated hydromorphone and 6% is 
excreted as free hydromorphone (2). Trace amounts of conjugated 6α- and 6β-hydromorphol were reported 
in the urine by Cone et al. (16). Following a single 8-mg dose of controlled-release hydromorphone, the 
urinary excretion of both total and free hydromorphone has been characterized (17).
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Conjugation

Oxycodone undergoes N-demethylation to noroxycodone via CYP3A4 and O-demethylation via 
CYP2D6 to oxymorphone (18). Noroxycodone is a relatively inactive metabolite, whereas oxymorphone 
is a potent analgesic. Oxymorphone is extensively conjugated. Oxycodone and noroxycodone do not 
exhibit significant conjugation but undergo a keto reduction to form α- and β-oxycodol and α- and 
β-noroxycodol, respectively (2,19). Oxymorphone metabolizes to α- and β-oxymorphol through a 
keto reduction and represents about 1% of the dose (19). In a 48-hour urine after a single oral dose of 
oxycodone, 8.0% is excreted as free oxycodone, 23.1% as free noroxycodone, 10.4% as conjugated 
oxymorphone, 0.3% as free oxymorphone, 8.6% as conjugated noroxymorphone, 5.6 % as free 
noroxymorphone, 6.0% as α-oxycodol, 1.9% asβ-oxycodol, 6.8 % as α-noroxycodol, and 1.6% as 
β-noroxycodol (19). The pharmacokinetics of oxycodone in oral fluid and blood have been defined in 
a study that employed a single 20-mg dose of OxyContin® (20). In a separate study, it was noted that 
oxycodone is predominant over noroxycodone in saliva (i.e., oral fluid), while the reverse is true in urine 
(21). 
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Oxymorphone

Oxymorphone is extensively metabolized via phase II conjugation to form oxymorphone glucuronide 
and undergoes a keto reduction to form 6-oxymorphol, which also undergoes conjugation. In a 120-
hour urine, 1.9% is detected as free oxymorphone, 44% as conjugated oxymorphone, 2.9% as free and 
conjugated 6β-oxymorphol, and 0.1% as conjugated 6α-oxymorphol (2). Using a single 10-mg dose of 
Opana® ER, which is a controlled-release tablet, total and free oxymorphone and total noroxymorphone 
pharmacokinetics in urine have been defined (22).

The Opioid Metabolism diagram on the following page presents major metabolic pathways. 
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Note: This diagram shows major metabolic pathways and does not show all conjugated metabolites.

Opioid Metabolism 
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