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Opioids and the Blood-Brain Barrier: A Dynamic Interaction with
Consequences on Drug Disposition in Brain
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Abstract: Background: Opioids are widely used in pain management, acting via opioid receptors
and/or Toll-like receptors (TLR) present at the central nervous system (CNS). At the blood-brain
barrier (BBB), several influx and efflux transporters, such as the ATP-binding cassette (ABC)
P-glycoprotein (P-gp, ABCB1), Breast Cancer Resistance Protein (BCRP, ABCG2) and multidrug
resistance-associated proteins (MRP, ABCC) transporters, and solute carrier transporters (SLC), are
responsible for the transport of xenobiotics from the brain into the bloodstream or vice versa.

Objective: ABC transporters export several clinically employed opioids, altering their neuro-
pharmacokinetics and CNS effects. In this review, we explore the interactions between opioids
and ABC transporters, and decipher the molecular mechanisms by which opioids can modify their
expression at the BBB.
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Accepted: April 25,2017 Results: P-gp is largely implicated in the brain-to-blood efflux of opioids, namely morphine and
oxycodone. Long-term exposure to morphine and oxycodone has proven to up-regulate the expres-
sion of ABC transporters, such as P-gp, BCRP and MRPs, at the BBB, which may lead to increased
tolerance to the antinociceptive effects of such drugs. Recent studies uncover two mechanisms by
which morphine may up-regulate P-gp and BCRP at the BBB: 1) via a glutamate, NMDA-receptor
and COX-2 signaling cascade, and 2) via TLR4 activation, subsequent development of neuro-

inflammation, and activation of NF-kB, presumably via glial cells.
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Conclusion: The BBB-opioid interaction can culminate in bilateral consequences, since ABC
transporters condition the brain disposition of opioids, while opioids also affect the expression of
ABC transporters at the BBB, which may result in increased CNS drug pharmacoresistance.
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1. INTRODUCTION

1.1. Opioids: General Considerations on Central Proper-
ties and Therapeutic Applications

Opioids represent a class of compounds endowed with
potent analgesic properties, and thus are generally used to
treat moderate to severe acute or chronic pain, and are
among the most effective drugs available for pain manage-
ment [1]. Morphine and codeine are the best-known opiate
alkaloids, naturally occurring in opium. The semi-synthetic
derivatives, oxycodone, hydrocodone, buprenorphine and
heroin, and full synthetic opioids, such as tramadol and
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methadone, were developed given the interest of their phar-
macological properties, and therapeutic value. However,
their long-term use is generally compromised by the
prevalence of undesirable side effects involving the central
nervous system (CNS) and gastrointestinal system, with de-
velopment of analgesic tolerance, physical dependence, and
severe withdrawal symptoms when opioid administration is
suspended [2]. The development of opioid addiction consists
in craving accompanied by the development of tolerance and
the resulting drug intake escalation to accomplish the origi-
nal effect. The escalated drug use enhances the negative
emotional symptoms of abstinence, which in turn results in
profound dysphoria, irritability, sleep disturbances, anxiety
and pain. Craving often precedes somatic signs of with-
drawal, and it relates with obtaining the drug and anticipa-
tion of its rewarding effects, as well as with anticipation of
the aversive effects of withdrawal. Consequently, it is expe-
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