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Opioid analgesics exhibit cationic properties under physiological conditions, and the mechanism underlying perme-
ation of the blood-brain barrier thus cannot be fully explained by simple diffusion alone. Various types of transporters
that exhibit substrate specificity are localized on the blood-brain barrier, and play a role in transporting substances from
circulating blood and from brain interstitial fluid. Progress is being made in explaining the mechanisms, functions, and
physiological roles of polyspecific organic cation transporters, but little evidence has indicated that these previously
identified organic cation transporters are involved in the transport of opioid analgesics across the blood-brain barrier.
Consequently, clarifying the role of transporters in the distribution of opioid analgesics into the brain and determining
their transport molecule will not only provide clues to effective drug delivery to the brain, but will also contribute to op-
timizing pain relief treatment, and by extension play a role in drug discovery for analgesics. Currently there are en-
thusiastic discussions in the literature regarding the existence of putative transporters involved in the transport of opioid
analgesics across the blood-brain barrier. This review article introduces the results of our research as well as recent find-
ings on the involvement of transporters in the blood-brain barrier transport of opioid analgesics such as morphine, mor-
phine metabolites, oxycodone, fentanyl, codeine, and pentazocine.
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Table 1. Influx and Efflux Clearances of Opioid Analgesics or Opioid Antagonist Naloxone at the Blood-Brain Barrier®

CLin CLout
Drug MW Species Method Reference
(ul/min/g brain)
Oxycodone 315 1910 630 Rat MD Bostrom et al., 200639
Fentanyl 336 1840 Mouse IS Dagenais et al., 200412
Pentazocine 285 1065 137 Rat BUI & BEI Suzuki et al., 20024V,
Moriki et al., 20054
711 Rat IS Suzuki et al., 200240
Buprenorphine 468 541 154 Rat BUI & BEI Suzuki ef al., 200749
Methadone 309 417 Mouse IS Dagenais et al., 2004!2
Naloxone 327 305 152 Rat BUI & BEI Suzuki et al., 201040
Loperamide 477 98.6 Mouse IS Dagenais ef al., 200412
Morphine 285 14 40 Rat MD Bouw et al., 2000
11.4 42 Rat MD Tunblad et al., 200310
10.4 Mouse IS Dagenais et al., 200412
8.03 Rat v Wu et al., 199720
3.52 Rat IS Bickel et al., 199622
M6G 497 1.66 5.66 Rat MD Tunblad et al., 200524
0.35 2.17 Rat MD Bouw et al., 200129
0.142 Rat v Wu et al., 199720
0.11 Rat v Bickel et al., 199622
M3G 461 0.14 Rat v Bickel et al., 199622
0.11 1.15 Rat MD Xie et al., 20002

) This table was rearranged from the value reported by Hammarlund-Udenaes M. ef al..!) CL;, and CL,,, represents here the influx clearance or the permeabili-
ty surface area product and the efflux clearance. M6G, morphine-6-glucuronide; M3G, morphine-3-glucuronide; MD, microdialysis; IS, in situ brain perfusion;

BUI, brain uptake index; BEI, brain efflux index; IV, i.v. injection technique.
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Fig. 1. Effect of Increasing Pentazocine (PTZ) Concentra-
tion on the Cerebrovascular Permeability-Surface Area
Product (PSj,a.,) for the Uptake of [*H]JPTZ by the Rat
Brain

Rat brain was perfused at 63 ul/s for 35s with perfusate containing

[*H]PTZ (0.02 um). Each value represents the mean+S.E.M. (n=3-4).

**<0.01 vs. control (0.02 um).
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Table 2. Inhibitory Effects of Selected Compounds on the
Uptake of [*H]Pentazocine by the Rat Brain

Compound Concentration Relative uptake
(mm) (% of control)
Control 100+ 15
Pentazocine 18 60.4+4.5*
30 29.3+1.4**
Pyrilamine 20 17.8+3.3**
Diphenhydramine 20 28.5+4.7%*
Ketotifen 20 21.0+£5.2%*
Amantadine 20 71.9+£10*
Imipramine 20 24.0+3.4%*
Desipramine 20 36.8+5.9%*
Lidocaine 20 12.6+1.7**
Propranolol 20 32.9+4.6**
Cimetidine 20 62.3+9.5%*
Procainamide 20 43.4+2.8%*
Eptazocine 20 18.2+£2.6**
Buprenorphine 0.2 46.1+6.5%*
Choline 20 60.1+9.9%
Hemicholinium-3 20 64.6+9.4%
L-Carnitine 20 8.6£2.0%*
TEA 20 44.7+£9.2%*
Probenecid 20 95.0+26
Acetic acid 20 96.0+23
Guanidine 20 96.3+17
Phenylalanine 20 96.9+ 14

Each value represents the mean+S.E.M. (n=3-8). A mixture of [*H]
pentazocine (0.1 mm) and [Clbutanol dissolved in 200 ul Ringer’s/
HEPES buffer in the absence or presence of a selected compound was in-
jected to the common carotid artery. [*H]Pentazocine uptake by the brain
was measured at 15 s after the injection. * p<{0.05, ** p<0.01 vs. control.
TEA, tetracthylammonium.
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Fig. 2. Effect of Verapamil (VER) on the Analgesic Activity of Pentazocine (PTZ)

(A) The nociceptive sensitivity in the control and the drug-treated rats was determined by the Randall-Selitto method (response latency to mechanical stimu-
lus) . The analgesic activity (%) in each rat was expressed as, analgesic antivity (%) = (NS,—NS,) /NS,X 100, where NS, and NS, are the nociceptive sensitivities be-
fore and at time ¢ after the administration of SAL or PTZ, respectively. Rat received saline (SAL, i.p.) or verapamil (VER; 40 mg/kg i.p.) 30 min before i.v. ad-
ministration of SAL or PTZ (10 mg/kg) . Each point with vertical bar represents the mean +S.E.M. (n=3). *p<{0.05 vs. SAL+PTZ. (B) The analgesic activity of
each rat was converted into area under the effect-time curve (AUCg) by the trapezoidal rule. *p<{0.05 vs. SAL+PTZ.
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Fig. 3. Inhibitory Effect of Selected Cationic Compounds on
[3H] Naloxone Uptake by the Rat Brain

A mixture of [*H]naloxone (0.1 um) and [*C]butanol dissolved in 200
ul Ringer’s/HEPES buffer in the absence or presence of a cationic compound
was injected to the common carotid artery. [*H]Naloxone uptake by the
brain was measured at 15 s after the injection. Each column represents the
mean+S.E.M. (n=3-5). **p<0.01 vs. control. DHP, diphenhydramine;
TEA, tetraethylammonium; MPP, 1-methyl-4-phenylpyridinium; NMN, N-
methylnicotinamide.
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