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Figure 468e-1 Normal mu-receptor activation by endogenous opioids inhibits the cyclic adenosine monophosphate (cAMP)-protein
kinase A (PKA)-cAMP response-element binding protein (CREB) cascade in noradrenergic neurons within the locus coeruleus (A) through inhibitory Gi/o protein influence on adenylyl cyclase (AC). Similarly, acute exposure to opiates (e.g., morphine) inhibits this system, whereas chronic
exposure to opiates (B) leads to upregulation of the cAMP pathway in an attempt to oppose opiate-induced inhibitory influence. Upregulation
of this system is involved in opiate tolerance, and when the opiate is removed, unopposed noradrenergic neurotransmission is involved in opiate withdrawal. Upregulated PKA phosphorylates CREB, initiating the expression of various genes such as tyrosine hydroxylase (TH) and brainderived neurotrophic factor (BDNF). BDNF is implicated in long-term neuroplastic changes in response to chronic opiates.
and dosing frequency. Tolerance appears to be primarily a pharmacodynamic rather than pharmacokinetic effect, with relatively limited
induction of cytochrome P450 or other liver enzymes. The metabolism
of opiates occurs in the liver primarily through the cytochrome P450
systems of 2D6 and 3A4. They then are conjugated to glucuronic acid
and excreted in small amounts in feces. The plasma half-lives generally
range from 2.5 to 3 h for morphine and more than 22 h for methadone.
The shortest half-lives of several minutes are for fentanyl-related opiates and the longest are for buprenorphine and its active metabolites,
which can block opiate withdrawal for up to 3 days after a single dose.
Tolerance to opioids leads to the need for increasing amounts of drugs
to sustain the desired euphoric effects—as well as to avoid the discomfort of withdrawal. This combination has the expected consequence of
strongly reinforcing dependence once it has started. Methadone taken
chronically at maintenance doses is stored in the liver, which may
reduce the occurrence of withdrawal between daily doses. The role of
endogenous opioid peptides in tolerance and withdrawal is uncertain.
The clinical features of abuse are tied to route of administration
and the rapidity of an opiate bolus in reaching the brain. Intravenous
and smoked administration rapidly produces a bolus of high drug
concentration in the brain. This bolus produces a “rush,” followed by
euphoria, a feeling of tranquility, and sleepiness (“the nod”). Heroin
produces effects that last 3–5 h, and several doses a day are required
to forestall manifestations of withdrawal in chronic users. Symptoms
of opioid withdrawal begin 8–10 h after the last dose; lacrimation,
rhinorrhea, yawning, and sweating appear first. Restless sleep followed
by weakness, chills, gooseflesh (“cold turkey”), nausea and vomiting, muscle aches, and involuntary movements (“kicking the habit”),
hyperpnea, hyperthermia, and hypertension occur in later stages of
the withdrawal syndrome. The acute course of withdrawal may last
7–10 days. A secondary phase of protracted abstinence lasts for 26–30
weeks and is characterized by hypotension, bradycardia, hypothermia,
mydriasis, and decreased responsiveness of the respiratory center to
carbon dioxide.
Besides the brain effects of opioids on sedation and euphoria and
the combined brain and peripheral nervous system effects on analgesia, a wide range of other organs can be affected. The cough reflex is
inhibited through the brain, leading to the use of some opiates as an
antitussive, and nausea and vomiting are due to effects on the medulla.
The release of several pituitary hormones is inhibited, including
corticotropin-releasing factor (CRF) and luteinizing hormone, which
reduces levels of cortisol and sex hormones and can lead to impaired

stress responses and reduced libido. An increase in prolactin also
contributes to the reduced sex drive in males. Two other hormones
affected are thyrotropin, which is reduced, and growth hormone,
which is increased. Respiratory depression results from opiate-induced
insensitivity of brainstem neurons to increases in carbon dioxide,
and in patients with pulmonary disease, this can result in clinically
significant complications. In overdoses, aspiration pneumonia is common due to loss of the gag reflex. Opiates reduce gut motility, which
is helpful for treating diarrhea, but can lead to nausea, constipation,
and anorexia with weight loss. Deaths occurred in early methadone
maintenance programs due to severe constipation and toxic megacolon. Opiates such as methadone may prolong QT intervals and lead
to sudden death in some patients. Orthostatic hypotension may occur
due to histamine release and peripheral blood vessel dilation, which is
an opiate effect usefully applied to managing acute myocardial infarction. During opiate maintenance, interactions with other medications
are of concern; these include inducers of the cytochrome P450 system
(usually CYP3A4) such as rifampin and carbamazepine.
Heroin users in particular tend to use opiates intravenously and are
likely to be polydrug users, also using alcohol, sedatives, cannabinoids,
and stimulants. None of these other drugs are substitutes for opioids,
but they have desired additive effects. Therefore, one needs to be sure
that the person undergoing a withdrawal reaction is not also withdrawing from alcohol or sedatives, which might be more dangerous and
more difficult to manage.
Intravenous opiate use carries with it the risk of serious complications. The common sharing of hypodermic syringes can lead to
infections with hepatitis B and HIV/AIDS, among others. Bacterial
infections can lead to septic complications such as meningitis, osteomyelitis, and abscesses in various organs. Off-target effects of opiates
synthesized in illicit drug labs can lead to serious toxicity. For example,
attempts to illicitly manufacture meperidine in the 1980s resulted in
the production of a highly specific neurotoxin, MPTP, which produced
parkinsonism in users (Chap. 449).
Lethal overdose is a relatively common complication of opiate use
disorder. Rapid recognition and treatment with naloxone, a highly
specific reversal agent that is relatively free of complications, is essential. The diagnosis is based on recognition of characteristic signs and
symptoms, including shallow and slow respirations, pupillary miosis
(mydriasis does not occur until significant brain anoxia supervenes),
bradycardia, hypothermia, and stupor or coma. Blood or urine
toxicology studies can confirm a suspected diagnosis, but immediate

